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FOREWORD 

The ma te r i a l  included i n  t h i s  document was presented a t  t h e  f i r s t  
meeting of  t h e  Spacelab Space Plasma Physics Act ive Experiments Working 
Group on September 23-24, 1980, a t  t h e  Marshall  Space F l i g h t  Center (MSFC). 
Representat ives  were present  f o r  a l l  o f  t h e  experiments which were 
s e l e c t e d  i n  November 1979 except f o r  t h e  Atmospheric Lyman-Alpha Emissions 
(ALAE) experiment. The ALAE wr i teup  i n  t h i s  document is  a combination 
of  t h e  ALAE experiment d e s c r i p t i o n  f o r  Spacelab 1 p lus  a d d i t i o n a l  ma te r i a l  
provided by t h e  P r inc ipa l  Inves t iga to r .  

Because t h e s e  a c t i v e  experiments t o  be  performed on f u t u r e  Spacelab 
missions represent  a new mode of  space plasma physics  experimentat ion i n  
t h e  198O8s, it was decided t o  publ i sh  t h e  p re sen ta t ion  m a t e r i a l  a s  an 
i n i t i a l  a c t i v e  experiments r e f e rence  manual. The ind iv idua l  experiment 
r e p o r t s  i n  t h i s  document may then  be used by s c i e n t i s t s  who have an i n t e r e s t  
i n  t h e  types  o f  instruments  t h a t  may b e  flown on f u t u r e  Spacelab missions. 
The r e p o r t s  a l s o  provide i n i t i a l  l i s t i n g s  o f  parameters such a s  instrument  
design concepts ,  instrument c a p a b i l i t i e s ,  and planned experiments t o  be  
performed. 

I t  w i l l  a l s o  become obvious t h a t  t h e s e  experiments a r e  h ighly  i n t e r -  
r e l a t e d ;  t hus ,  one s e t  o f  instruments  (e.g., p a r t i c l e  a c c e l e r a t o r s  and 
experiment t r a n s m i t t e r s )  r e q u i r e  coordinated measurements o r  observa t ions  
from o t h e r  instruments  (e.g. ,  f r e e  f l y e r s  and o p t i c a l  spec t rometers ) .  
Because t h e  r e p o r t s  provide d a t a  on instrument ope ra t ions ,  components, e t c . ,  
they  may a l s o  be used by engineering teams performing i n i t i a l  mission 
a n a l y s i s  and planning. 

F ina l ly ,  although they  a r e  not  i n  t h e  same s t a t e  o f  d e f i n i t i o n  a s  
t h e  o t h e r  experiments,  it was decided t o  inc lude  t h e  Chemical Release 
Module (CRM) and t h e  Tethered S a t e l l i t e  F a c i l i t y  i n  t h i s  group o f  f u t u r e  
a c t i v e  experiments. 

I t  is  a n t i c i p a t e d  t h a t  t h i s  document w i l l  b e  updated p e r i o d i c a l l y  a s  
t h e  d e f i n i t i o n  o f  t h e  instruments  and experiments matures. 

W. T. Roberts 
Executive Sec re t a ry  
Active Experiments Working Group 
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SPACELAB EXPERIMENT : ALAE 

ATMOSPHERIC LYMAN-ALPHA EIIISSIONS 

J ,  L o  BERTAUX ( P I  ,SA)  ; FLORENCE GOUTAI  L (CO-I ,SA)  

G ,  KOCKARTS (CO-I  , IASB)  

SCIENTIFIC OBJECTIVFS 

- V E R T I C A L  D I S T R I B U T I O N  
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INVESTIGATION ON ATMOSPHERIC H AND D THROUGH THE 
MEASUREMENT OF THEIR LYMAN-a, EMISSIONS 

(lEs017) 

J. L. Bertaux 
Service d'~lercmomie du O NRS, France 

The scientific objective of this experiment is to study various sources of 
Lyman-a, emission in  the atmosphere, i n  the interplanetary medium, and 
possibly i n  the galactic medium. The instrument is a spectrophotometer asso- 
ciated with two absorption cells, one filled with hydrogen, the other with deu- 
terium (Fig. 1). 

The main source of Lyman* as seen from Spacelab is the result  of 
resonance scattering of solar photons by atmospheric atomic hydrogen. This 
emission has been studied thoroughly with previous space experiments and is 
considered as 'hoiseff in  the present investigation; it is eliminated with the help 
of the hydrogen absorption cell run a t  a high absorption level. The other sources 
of Lyman-a, a re  then studied (Fig. 2). 

Lyman-a emission of atomic deuterium (D) is identified with the help 
of the deuterium absorption cell. I ts  intensity and line-width a r e  measured, 
yeilding the verical distribution of D from 90 to approximately 250 kilometers 
and its temperature. From this vertical distribution, the eddy diffusion con 
efficient I< around 100 kilometers i s  derived and mapped on the whole sunlit Earth. 

Lyrnan-a emission resulting from charge exchange is possibly present 
a t  various places: auroral zones, equatorial zones, and possibly at the foot of 
the polar cusps, where the solar wind interacts directly with the neutral 
atmosphere. The foot of the polar cusps could be located precisely through 
observations of these regions with a scanning mirror. 

Some emission is also expected from the plasma guns placed on board 
Spacelab. 

Interplanetary hydrogen (which comes from the nearby interstellar 
medium) is a source of Lyman-a, . It prevents astronomical observation of 
diffuse galactic Lyrnan-a emissions. With the help of the absorption cell, 
the level of diffuse galactic emission will be determined. The use of the absorp- 
tion cell on Spacelab is also a test for determining i f  the presence of geocoronal 
and interplanetary emission will prevent future astronomical observations of 
Lyman-a, emissions. 
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Figure 1. Schematic of instrument for measurement of hydrogen and deuterium Lyman-cx emission. 



Figure 2.  Sources of Lyman-a emissions. 
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The exper iment  aimed a t  t h e  o b s e r v a t i o n  -.. 
of t h e  on-board VLF t r a n s m i t t e r - i n d u c e d  p r e c i p i t a t i o n .  
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DESCRIPTION OF THE INSTWmJT - 
The AEPI system is i l l u s t r a t e d  i n  F i g .  6 . There a r e  two p a r a l l e l  

d e t e c t o r  systems. l'lle top  system i s  a TV s y s t e m  us ing  the  image i n t e n s i f i e d  
S.E.C. tube a s  t h e  d e t e c t o r .  The bottom system, t h c  photon councing a r r a y  
(P.C.A.), u se s  a  microchannel p l a t e  i n t e n s i f i e d  anode a r r a y  tube  and i s  equiva- 
l e n t  t o  a  100 channel pho tomul t ip l i e r .  For t h e  t e l e v i s i o n ,  t h e  f i l t e r s  a r e  
s e l e c t e d  by means of a  f i l t e r -whee l  s e t  ( 1 ) .  For t h e  se l ec t ed  waveband, an 
a p p r o p r i a t e  focus i s  chosen b y f o c u s i n g  system ( 2 ) .  The f i e l d  of view of t h e  
TV system i s  in te rchangeable  between 20 and 6 deg rees ,  by  means of a  moveable 
pr i sm ( 3 ) .  The qua r t z  window u-channel p l a t e  i n t e n s i f i e r  (4)  i s  f i b e r  o p t i c a l l y  
coupled t o  a  40-25 demagnifying tube (5) which i s  i n  turnocoupled t o  t h e  S.E.C. 
tube  ( 6 ) .  The PCA channel has  a  f i xed  f i e l d  of view of 4 . The waveband 
s e l e c t i o n  is achieved by  means of t h e  f i l t e r  wheel ( 7 ) .  The PCA h a s  a remote 
c o n t r o l  in te rchangeable  photometr ic  conve r t e r  o p t i c s  (8) which c o n v e r t s  t h e  
imaging a r r a y  i n t o  a mul t ichannel  photometer. The p-channel p l a t e  a r r a y  t u b e  
(9) a m p l i f i e s  t h e  photons i n t o  d e t e c t a b l e  counts  f o r  t he  PCA e l e c t r o n i c s  ( 1 0 ) .  
The e n t i r e  system i s  poin ted  by a  two-axis gimbal,  t he  (MAST) mount (12) .  The 
load  i s o l a t o r  (11) is  a decoupling device  f o r  Launch t o  save t h e  mount from 
excess ive  launch  loads .  The mount e l e c t r o n i c s  package (13) w i l l  provide t h e  
a p p r o p r i a t e  s i g n a l  cond i t i on ing  between t h e  mount s e rvos  t h e  d e d i c a ~ e d  expe r i -  
ment processor  (DEP) ( 1 7 )  and the  mount manual c o n t r o l  (MMC) (14) .  The v ideo  
d a t a  encoder (15) anno ta t e s  t h e  video wi th  housekeeping informat ion ,  b o t h  i n  
r e a d a b l e  alphanumeric c h a r a c t e r s  and i n  decodable s i g n a l  bars .  The v ideo  f i e l d  
memory (16) i s  a s i n g l e  frame d i g i t a l  s t o r e  which f r e e z e s  t h e  p i c t u r e  f o r  inspec-  
t i o n .  The VDE and VFM e l e c t r o n i c s  inc lude  an a d j u s t a b l e  cursor  which i s  d i s -  
played on t h e  v ideo  frame i n  t h e  TV. This  can be used by the  payload o r  miss ion  
s p e c i a l i s t  f o r  manually c o n t r o l l i n g  t h e  p o i n t i n g  mount. The d a t a  ou tpu t  i s  f e d  
t o  t h e  Spacelab furn ished  v ideo  monitor,  t h e  h igh - ra t e  mu l t ip l exe r  HRM, and t h e  
remote a c q u i s i t i o n  u n i t  RAU of t h e  Spacelab computer. The p r o p e r t i e s  of t h e  
AEPI d e t e c t o r  system is  t a b u l a t e d  i n  Table 1-1. 

The f l i g h t  equipment which w i l l  be  acqui red  dur ing  t h i s  program c o n s i s t  
of t h e  gyro-package and t h e  I n t e r a c t i v e  f l i g h t  c o n t r o l  u n i t  panel .  The gyro  
package is  necessary  because of t h e  inadequate  a t t i t u d e  r e fe rence  supp l i ed  by 
t h e  c u r r e n t  Spacelab systems.  The i n t e r a c t i v e  f l i g h t  con t ro l  u n i t  pane l  e n a b l e s  . 

t h e  payload/mission s p e c i a l i s t  t o  i s s u e  d i r e c t  commands t o  the  experiment 
DEP t o  manually s e t  up camera parameters.  The ins t rument  a s  i t  is  c u r r e n t l y  
flown on Spacelab relies v e r y  h ighly  on pre-programming of t h e  DEP w i t h  v e r y  
l i m i t e d  f l e x i b i l i t y  on t h e  p a r t  of t h e  mission/payload s p e c i a l i s t  t o  make 
changes t o  t he  ope ra t ing  programs. Much of  t h e  experimental  o b j e c t i v e s  
r e q u i r e  t h e  man. in  t h e  loop t o  update  t h e  system ope ra t ion  a f t e r  each  d e t e c t i o n  
t r i a l .  

TABLE 1-1. THE PROPERTIES OF THE AEPI DETECTOR SYSTEM. 
- TV SYSTEMS ,' \ .  , . . . .  . 

TV Standard: 525 TV l i n e s  maximum 
F ie ld  of View: 6' ZOO 

F /~umber  2.5 2.  O0 
Resolut ion (300 l i n e s )  .02'(3.5 x .07 (1.16 x r a d )  

Range 150 Km 5.2 m 170 m 
300 Krn 105 m 340 m 
500 Krn 175 m 580 m 

Minimum S e n s i t i v i t y  (1 s e c  exposure) 
60 R 40 Rayleigh 

24 



FIGURE 6 
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PHOTON COUNTING ARRAY 

Mode 1 0  x 1 0  Image a r r a y  Quad r a n t  Photometer 
F i e l d  of V i e w :  4.25' x 4.25' 6O diameter  c i r c u l a r  
F Number 2.5 

2&5 Resolu t ion  .42' (0.073 rad)  6 (0 .1  r ad )  diam.eter 
c i r c u l a r  

Range 150 Km 1.1 Km 1 5  Km 
300 Km 2.2 Km 30 Km 
500 Krn 3 .6  Km 50 Km 

S e n s i t i v i t y  12 .0  coun t s  pe r  Bayle igh  320 coun t s  per  Rayleigh 
p e r  second p e r  second per  quadran t  

5 Maximum coun t s  rare (2 x 1 0  p e r  s e c  p e r  anode) 
2.4 M Rayleighs 2.4 M Rayleighs 
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I S 0  I S  A GENERAL PURPOSE INSTRUitlENT WHICH CAN BE USED TO STUDY 

NUPIEROUS ATMOSPHERIC PROBLEI1lS, 

SPACELAB 1 WILL BE USED TO OPERATE IqAIHLY I N  A SURVEY I1lODEa . 

FOR THE FIRST REFLIGHT WE PLAtJ TO SELECT A FEW SPECIFIC QUESTIONS 

TO ADDRESS 1 THESE MAY BE CHANGED LATER DEPENDING ON DEVELOPllENTS 

I N  THE FIEU),  I S 0  I S  DESIGNED TO SELECT EXPERIMENT MEASUREIIENT 
SEQUENCES BY SOFTWARE CONTROL 1 

WE HAVE CHOSEIJ TO CONCENTRATE ON THE CHEMISTRY OF SEVERAL 
PIETASTABLE AND VIBRATIONALLY EXCITED SPECIES, SINCE THESE ARE 

DIFFICULT TO STUDY I N  TIIE LAB, 

I S 0  WILL ALSO BE CAPABLE OF PROVIDING A DATABASE OF BASIC 

PARAMETERS TO USE I N  MODELLIflG, THESE N I L L  BE DERIVED FROPI THE 
INTENSITIES OF EMISSIOI4S WHOSE SOURCES AriD SINKS ARE WELL KWaWN a 



THEWMOSPHERIC , -a A, . --. - - I  - -  IONIC ----- - - ----- - PROCESSES* - - - -  

KINETIC 
ENERGY 



THE 145 PROBWI 

PROBI.Elv1: C U R m  ~~~~~S PRODUCE TOO NJCH 14; IOIDATIOR 

SOWTIOiI 1 : INCREASE THE RECOTBINATION RATE, BECAUSE IS  

VIBRATIOIflUY EXCITED IN THE THER,EFHE 

LAB RESULT: 140 DEPEilDENCE ON VIBRAIIOIN EXCITATIOPd - El Z I F  
+ 2 SOLUTIO/i 2 : DECREASE CHARGE MCWiGE OF 0 ( D) WITH N2 

LAB RESULT: NOl THE MTE UIEFFICIfifl I S  LARGE lo-' CM s-I - BICWI 'S 

GROUP, COPiFIPIED BY NOA4 GROUP. 

C@dCWSION : THE WCTIOPI OF I{ I ITH 0 lPlST BE LfRGER TWi 16 I4ITH 0 

USE 1% TO CHECK THESE LAB PISULTS Ai'D THE ABOVE HYPOTHESIS 1 



+ 2 EXPERI!EiU : DEmmINE WHEMER THE CIiIRGE MCH4NGE OF 0 ( D) WITH 
fb PROCEEDS PAP IDLY (I(=~o-9) OR SLONLY (K=IO-~O) 

+ 2 F.lETHOD : NEASURE THE 0 ( Dl CONCEiJTMTIOli , THE THO RATES WILL Y IEUI 
COLV~~TIONS M-IICH DIFFER BY NNRLY NJ ORDER OF 

rtlAGN IlUDE, 

+ 4 PARPIEI'ER: DlISSIOEi AT 3728.9A DUE TO THE TWUiSITIO/i 0 ( S - *D) . 

THE I,lEASURETvIG"ICT WILL BE IWE IN A LIECAN !;KID€ 1qkIERE THE 
SUNACE BRIGKTT'dESS WILL BE SEVERAL RAYLEIGHS TO TE36 

OF RAYLEIGHS DEPEi'UING @.I K, 



EXPERI[*tNT: PIERSUN ME PRODUCTIOII OF 14; DUE TO CHARGE MClik4GE OF 
+ 2 0 ( Dl NITH N2 

ME REACTION I S  RESOFNJT I F  IS  FOWIED I N  THE V=2 LEVEL CF TIiE A STATE8 

IETHOD: OBSERVE PERilITTED TRASITIOFIS OF i$ ORIGINATING I N  THE V=l  

WEL OF ME A STATE) E 8 G 8 

1-0 AT 92l2A 

ISOLATE CHARGE EXCWJGE SOURCE BY 'IONITORING RESOWEE 

FWORESCEIKE PRODUCIION VIA: 

PIEASURE THE ROTATIONAL lElglPERATURE , 

KSOPflISCE FUIORESDJCE GIVES A KINETIC THEPNL DISTRIBUTION 

CHARGE EXCHANGE WILL GIVE A NON E(;KIILIBRIUF,I TENPERATUPZ, 



EXPERIkl@fi: IN,ESTIaTE THE DESTRUCTIOF4 OF 15 BY REACTIOl4S WIM 0 

W\CTIatS OF VIBRATIOiUY MCITED i$ lrlITH 0 HAVE NEVER BEEN STUDIED 

II M E  LAB. POSSIBLE CtNilIELS INCWDE: 

REACTION (1) WILL PROWCE VIBR4TIOF.1AU.Y MCITED 140' 11  V ,2. 

THE RADIATIVE LIFETII'E OF lo+* IS  OF THE ORDER OF MILLISECONDS 

9 

MEASURE: NO' DlISSIO~iS FRQvI VVr4 (I.E. LESS THAN l l ,OA1 

D€~EKYII NE WHETHER THESE Ii!UENS IT1 ES ARE CONS I STKIT WITH PRODUCTION 

OF 14; BY CNWGE D(CIUU4GE WITH 0, 



EXPERIMENT : STUDY THE CHEIII STRY OF NETASTABLE N+ IONS 

EMISSIONS: N + ( 1 D - IS) AT 5755 A 0 .9  s 
+ 3 N ( P - ID) AT 6548 A AND 6583 A 4.13 .MIN 

COMMEWTS : THESE EPIISSIONS HAVE BEEFI DETECTED FROI.1 THE 

GROUND, BUT WEAKLY. LIIIBSCAN PLUS THE HIGH 

SENSITIVITY OF I S 0  WILL PERllIT US TO STUDY 

THE SOURCES AND SINKS I N  DETAIL, 

I T  I S  POSSIBLE THAT THESE METASTABLE SPECIES 

PIAY AFFECT THE COi4CEHTRATIOHS OF OTHER 
+ 2 CONSTITUENTS SUCH AS o('D) AND 0 ( P I ,  
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WERI[.lE?fl: STUDIES OF 0; IONS 

RECENT MRK BY El ZIPF SUGGESTS TINT MERIOSPHERIC 05 1014s RESIDE 

flAIliLY Ii4 VIBRATIOML LEVELS BFniEEN 4 AND 16, THIS MEANS MAT M E  

FOPUMTIOPJ DISTRIBUTIOii WILL BE IWRE CLOSELY ALIGNED MITH THE LEVELS 

~IHEKE THE FRAIiK COrtlDON FACTORS PlAXIElIZE , 

CONCLUSIOli: 05 I S  THEBORE l'RlCH ivr)PE SIAIMR TO 11; TH&l WAS PREVIOUSLY 

JWLIZED, SIGWIFIWJT MCITATIOIi TO THE A*$ STATE 

VIA RESONAIJCE ABSORPTIOlJ OF SOlAR RADIATION M4Y BE EXPECTED, 

THESE DFECTS I1 I G t fT S IGN I F  I WiTLY AFFECT THE RECCEIB I blAT1OPl 

OF 0; III THE TliER4OSPtlERE,. 

~EASURET:lEj'\TTS OF THE SECOIW PEGATIVE NhJDS \JILL THEREFORE PROVIDE 

11FON44TIO1'i OiJ M E  VIBRATIONAL DISTRIBUTIOlY OF 0; 





02' CORTI N E D  : 

+ 4 WE ALSO INTEND TO SEARCH FOR EMISSIONS I N  THE O2 ( a  n - x2n,) 

SYSTE14, THE SOURCE I S  V I A  CASCADE FRO!! THE b4x  STATE V I A  

THE F I R S T  NEGATIVE TRANSIT IONS 1 

THE SOURCE WILL BE MOl ITORED V I A  THE F I R S T  NEGATIVE BANDS . 

WHICH ARE ALL I N  THE V I S I B L E ,  

MEASUREMENTS : 02' F I R S T  NEGATIVE BANDS (b  - a )  SEE TABLE 

(a  - X)  TRANSITIO:4Sj E , G I  

0 j 6  4531 A j  0 j  7 4896 A j  0 j 8  5316 A j  

0 j 9  5803 A, 0 j10 6314 A 

A S I M P L E  SCALIPIG OF AURORAL I N T E N S I T I E S  SUGGESTS ABOUT 20R 

FOR THESE BANDS, 

THE PIEASUREMENTS SHOULD ALLOW US TO STUDY THE SOURCES AND S I N K S  

OF THE NETASTABLE a 4  n STATE. 
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+ 
TABLE 3 . 1  0, 1N (first negative) band i n t e n s i t i e s  

System intensity - 400R 

I v " 
0 

Wavelength (A) o r i g i n  

I n t e n s i t y  (R)  SZA = 90" 

Underlined bands observed 



a .  

TABLE 3?A 

I MPARENT SPECTRAL MINIMUM 
SPECTROMETER WELENGTH GRATING PLATE FACTOR RESOLUTION(K) MNGE ( K )  DETECTOR PHOTOCATHODE, 

UNIT NO. MNGE (HI G R O O V E S / ~ I ~  BLAZE ' (R)/mm (3 PIXELS-9op) PER DETECTOR POSITIONS WINDOW 
HIDTLl (5.7mm) . PER SCAN 

1 7500-12,000 400 lC,OOO 50 4 5 - 285 16 CCD Surface 
(No image tube) 

4 253 16 TRIALKALI 
Glass 

B I A L U L I  
Quartz 

Channel  P l a t e  
S u r f  ace 

No kTindow 

*I8 pixels-540u . . 

Limited by .045O ' 

FOV- coll isaator  



FARTICI PATION I N  ACTIVE EXPERIMENTS 

r PRELIMIlilARY COORDINATION KITH SEPAC ON SL-1 

r TETHERED SATELLI TE EXPER IIIENTS 

r DIAGNOSTIC FOR CHEY ICAL RELEASE EXPERIWENTS 

e A SUBSTANTIAL ENHANCME?iT IN THIS CAPABILITY WOULD BE REALIZED BY MOUNTING 

THE INSTRUMENT 014 A POINTIMG SYSTEP? 



SUMMARY OFRESOURCE PARAMETERS 

WEIGHT : SPECTROMETER ARRAY 239 KGMS 

DEP 18 KGMS . 

POWER: SPECTROPIETER ARRAY -- 80 WATTS 

DEP 85 WATTS 

DIMENSIONS (APPROX, : SPEC, ARRAY: 131 CM X 110 X 74 

DEP: 48 CM X 22 X 6 1  



IMAGING SPECTROMETRIC OBSERVATORY 

r ARRAY OF 5 IMAGING SPECTROMETERS 

e EACH SPECTROMETER AUTONOMOUS 

r IS0 COVERS BROAD WAVELENGTH RANGE (-200 - 12,000 8) 
r RESOLUTION SELECTABLE DOWN TO -Om5 W 
r DYNP.MIC RANGE: -lo7 

r SRSITIVITY:  MISSION SELECTAELE 

SL-1 - 1 R  I N  60 SEC. WITH S/N = 5 



ASPECTS OF DESISN 

r MODULAR CONSTRUCTION PERMITS FLEXIBILITY FOR REFLIGHTS 

r SEQUENCES CAN BE CHANGED IN REAL TIME 

r ON-BOARD DISPLAYS CAN BE ADDED 



OBJECTIVES 

SPACELAE 1 
- ATLAS OF THERMOSPHERIC EMISSIONS 
- VARIETY OF SPECIFIC STUDIES (DAYSIDE, NIGHTSIDE, TWILIGHT) 
- S/C CONTAMINANTS 

SPACELAB 6 

- FURTHER THERMOSPHER I C AND SOME MESOSPHER I C STUD1 ES 













SECTION I V .  ENERGETIC NEUTRAL ATOM 
PREC I P I  TAT1 ON (ENAP) 





ACTIVE EXPERIMENTS WORKING GROUP MEETING 

Marshall Space Flight Center 
Huntsville 

23 - 24 September, 1980 

TALK BY BRIAN A. TINSLN 

Measurement of Visible and W Emission from Energetic Neutral 
Atom Precipitation (ENAP), on Spacelab. 

INTRODUCTION 

This experiment as most of you probably know, uses the Imaging Spectro- 

metric Observatory developed by Marsha Torr, for a set of measurements of 

the effects on the atmosphere of energetic neutral atom precipitation. 

The instrument will first be flown by Marsha on Spacelab 1 in a survey 

mode. In the reflight for the ENAP experiment it will be used during dark 

periods of the orbit to look for some faint emissions resulting from the 

phenomenon of neutral atom precipitation. 

I am not discussing the instrument since that is the province of Marsha 

and Doug Torr, but rather the nature of the experiment, and what can be done 

with such an instrument in looking for faint emissions in the presence of 

non-negligible backgrounds. 

The precipitation into the thermosphere of energetic neutral atoms 

results in ionization, optical emission and heating, as the kinetic energy 

of the atom goes into ionizing collisions, e~ditation collisions, or momentum 

transfer collisions. The cross sections for these reactions vary strongly 

with the species of neutral atom and its kinetic energy. The optical 

emission is the diagnostic we are using to identify the neutral precipitacion, 

but we would be very interested to collaborate with anyone measuring either 



the energetic neutrals themselves; the fraction which get converted again 

at thermospheric altitudes to energetic ions; or the ionization and heating 

produced. Figure 1 summarizes the above. 

The energetic neutrals arise predominantly from charge exchange of 

plasmaspheric ions with geocoronal hydrogen at altitudes up to about four 

earth radii. Figure 2 is a photo of the geocorona, taken from the moon 

by the Apollo 16 astronauts. The hydrogen is easily detectable to beyond 

10 earth radii. Figure 3 is a diagram of the magnetosphere, provided by 

Heikkila. The ring current source could be described as an atmosphere 

magnetosphere interaction, in particular as a geocorona - magnetosphere 
interaction. Because there are always ions in the magnetosphere, with 

energies from a few eV up to a few MeV, there will always be a flux of 

precipitating energetic neutral atoms. The flux of energetic neutrals in 

the 1-100 keV range will be much enhanced during magnetic storms, since the 

plasmaspheric flux of energetic ions (the ring current) is much enhanced at 

those times. But even at quiet times there should be measurable effects. 

There will also be a smaller contribution of energetic neutral atoms from 

charge exchange of ions in the solar wind with exospheric and interplanetary 

neutral hydrogen. 

We wish to make these measurements for two purposes: to evaluate the 

heating and ionization effects on the atmosphere, and to evaluate the select- 

ive loss of energetic ions from the sources (predominantly ring current). 

Figure 4 shows a diagram of the source from the plasmasphere. The ions in 

+ + 
the ring current which charge exchange to form neutrals are mainly H , He 

and 0+, noted on the figure, and so we are looking for emissions due to these 



MEASUREMENT OF VISIBLE AND UV EMISSIONS FRON 
ENERGETIC NFUTRAL ATOM PRECIPITATION, (FNAP) 

UTAH STATE UN I VERS I TY 

CO I NVEST I GATOR : MmR, TORR 

INSTRUMENT 

IMAGING SPECTROMETR IC OBSERVATORY, BUILT BY MARSHA TORR, UTAH 

STATE UNIVERSITY 

INTERACTIONS OF PRECIPITATING ATOMS WITH THERMOSPHERE 

IONIZATION 
EXCITATION AND OPTICAL EMISSION 

MOMENTUM TRANSFER (MEATI NG AND VIBRATIONAL EXCITATION) 

SOURCES OF PRECIPITATING NEUTRALS 

CHARGE EXCHANGE OF PLASMASPHERIC IONS AND EXOSPHERIC H AND 0, 

CHARGE EXCHANGE OF SOLAR WIND IONS WITH EXOSPHERIC AND INTER- 

PLANETARY HYDROGEN 

Figure 1 

6 1 



This f igure ,  which i s  a p r i n t  from S-201 frame 40 of a 1-min exposure 
centered  on t h e  e a r t h ,  wavelength range 1050-1600 8, was not  a v a i l a b l e  
i n  a reproducib le  form f o r  t h i s  document. I t  may be  found i n  Apollo 16 
Prel iminary Science Report,  NASA SP-315, November 1972, p. 13-8. 

Figure 2 
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n e u t r a l s  impacting t h e  thermosphere. The t r a j e c t o r y  of a  n e u t r a l  produced 

by charge exchange i s  determined by t h e  d i r e c t i o n  t h e  ion  was moving a t  

t h e  i n s t a n t  of charge exchange - and f o r  ene rg i e s  above a  few ev t h e  atoms 

t r a v e l  i n  e s s e n t i a l l y  s t r a i g h t  l i n e s .  For i s o t r o p i c  i o n  v e l o c i t y  d i s t r i b u -  

t i o n s  t h e r e  w i l l  be an  i s o t r o p i c  product ion of n e u t r a l s ,  and most w i l l  

escape t h e  e a r t h ,  wi th  l e s s  t han  10% impacting t h e  thermosphere. 

A n  important  f e a t u r e  of t h e  p r e c i p i t a t i o n  is  t h a t  nea r  t h e  magnetic 

equator  atoms moving n e a r l y  perpendicular  t o  t h e  magnetic f i e l d  can become 

t rapped  a g a i n  on t h e i r  f i r s t  i o n i z i n g  c o l l i s i o n  ( f o r  some s p e c i e s  and e n e r g i e s  

t h e  p r o b a b i l i t y  of t h i s  happening i s  ve ry  low) and a low a l t i t u d e  b e l t  of 

temporar i ly  t rapped  ions  is set up. Its energy spectrum is  approximately 

t h a t  of t h e  h igh  a l t i t u d e  r i n g  c u r r e n t ,  and i t s  f l u x  tends t o  r i s e  and f a l l  a s  

t h e  r i n g  c u r r e n t  f l u x  changes. These p a r t i c l e s  go through a succes s ion  of 

charge exchange n e u t r a l i z a t i o n  and i o n i z a t i o n  c y c l e s ,  d i f f u s i n g  v e r t i c a l l y  

i n  t h e  p roces s ,  be fo re  l o s i n g  t h e i r  energy. Such e q u a t o r i a l  f l u x e s  of 

t rapped i o n s  have been d e t e c t e d  from s a t e l l i t e s  a  number of t i m e s .  

The l a t i t u d e  d i s t r i b u t i o n  of t h e  p r e c i p i t a t i n g  n e u t r a l s  has  been c a l c u l a t -  

ed and is  shown i n  F igure  5 .  These c a l c u l a t i o n s  a r e  f o r  a  popu la t ion  of  

i ons  which a r e  i n i t i a l l y  i s o t r o p i c  and on t h e  L s h e l l  de f ined  by L = 3 such 

a s  t h e  i s o t r o p i c  d i s t r i b u t i o n s  found where t h e  r i n g  c u r r e n t  is  i n t e r a c t i n g  

wi th  t h e  plasmasphere a t  t h e  plasmopause. A s  t h e  i ons  a r e  l o s t  by charge  

exchange those  which mi r ro r  a t  lowest  a l t i t u d e s  a r e  l o s t  f a s t e s t  ( t h e  exospher ic  

hydrogen has  a  s c a l e  h e i g h t  of about 1000 km). Thus t h e  ions  wi th  e q u a t o r i a l  

p i t c h  ang le s  n e a r e s t  t o  0' o r  180" a r e  l o s t  f a s t e s t ,  and t h e  p i t c h  a n g l e  

d i s t r i b u t i o n  evolves wi th  t ime toward a  pancake d i s t r i b u t i o n ,  and t h e  l a t i t u d e  

d i s t r i b u t i o n  s h r i n k s  towards t h e  equator .  For a  d i s t r i b u t i o n  composed of  90" 



MAGNETIC LAT  I  T  UDE 

ISOTROPIC PITCH ANGLE DISTRIBUTION ON L SHELL = 3 AT oh 



e q u a t o r i a l  p i t c h  ang le  p a r t i c l e s ,  a l l  motion would be  confined t o  t h e  equato- 

r i a l  p lane ,  and a l l  p a r t i c l e s  would be  p r e c i p i t a t e d  e s s e n t i a l l y  a t  t h e  magnet ic  

+ 
equa to r .  The t imesca l e  f o r  t h i s  f i g u r e  corresponds t o  1-30 keV H i o n s  i n  

t h e  r i n g  c u r r e n t  w i th  exospher ic  hydrogen concen t r a t ion  and a l t i t u d e  d i s t r i b u -  

t i o n  f o r  a  9 5 0 ' ~  exospher ic  temperature.  For o t h e r  s p e c i e s  t h e  charge  

exchange c r o s s  s e c t i o n s  a r e  smaller, hence t h e  t i m e  s c a l e  is longer .  F igu re  

6 shows t h e  v a r i a t i o n  of r e a c t i o n  r a t e  o r  ( i n v e r s e l y  p r o p o r t i o n a l  t o  l i f e t i m e )  

f o r  s e v e r a l  r i n g  c u r r e n t  s p e c i e s .  F igure  7 shows t h e  l a t i t u d e  d i s t r i b u t i o n  

of p r e c i p i t a t i n g  n e u t r a l s  f o r  i s o t r o p i c  p i t c h  a n g l e  d i s t r i b u t i o n s  on v a r i o u s  

L-shel ls  shown. There is a peak i n f l u x  rate of about  15' equatorward a t  

t h e  f o o t  of t h e  L-shel l  on which t h e  r i n g  c u r r e n t  i o n s  a r e  l oca t ed .  Th i s  

i s  p a r t i c u l a r l y  i n t e r e s t i n g  s i n c e  SAR-arcs a r e  found 10-15' i n s i d e  t h e  l a t i t u d e  

of t h e  hydrogen a u r o r a l  a r c s  t h a t  r e s u l t  from d i r e c t l y  p r e c i p i t a t i n g  r i n g  c u r r e n t  

pro tons .  While precipitating n e u t r a l s  probably don" t d i r e c t l y  e x c i t d "  
i 0 

e a s i l y  d e t e c t a b l e  o p t i c a l  emiss ions ,  o r  t h e  s t r o n g  6300 A emission oft,SAR- 

a r c s  (hot  e l e c t r o n s  seem t o  be t h e  cause of t h a t ) ,  t h e  p r e c i p i t a t i n g  n e u t r a l s  

might h e a t  t h e  atmosphere s u f f i c i e n t l y  t h a t  F-ltegion composition is enhauced 

i n  molecular  c o n s t i t u e n t s  and might a l s o  v i b r a t i d n a l l y  e x c i t e  t h e  molecules ,  

s o  t h a t  d i s s o c i a t i v e  recombination is  a c c e l e r a t e d ,  producing t h e  e l e c t r o n  

d e n s i t y  t roughs observed. I n  such low e l e c t r o n  d e n s i t y  r eg ions  t h e  downward 

conduction by e l e c t r o n s  of r i n g  c u r r e n t  energy w i l l  h e a t  t h e  ionospher ic  

e l e c t r o n s  s u f f i c i e n t l y  t o  e x c i t e  6300 emission.  

Most plasmaspheric  i ons  do no t  have i s o t r o p i c  d i s t r i b u t i o n s ,  however, 

and f o r  i o n s  a t  low L va lues  t h a t  have been r a d i a l l y  t r anspor t ed  inward by 

t r a n s v e r s e  e l e c t r i c  f i e l d s ,  and which have been s u b j e c t  t o  e r o s i o n  by charge 



ENERGY (keV) 
Figure 6 



MAGNETIC L A T I T U D E  

LATITUDE VARIATION OF ENERGETIC NEUTRAL INFLUX FOR ISOTROPIC 
PITCH ANGLE DISTRIBUTION ON SHELLS OF L-VALVE LISTED 

THE ARROW MARKS LATITUDE OF FOOT OF L-SHELL 

Figure 7 



exchange for days or weeks, a very highly anisotropic pancake pitch angle 

distribution is found. It is apparently a combination of this anisotropic source, 

together with an increased efficiency of trapping at low altitudes, which 

results in the equatorial low altitude trapped particles. Fig, 8 shows the 

latitude variation of several thermosphericmaniEestations of neutral atom 

precipitation. The histogram is trapped protons from precipitating MeV H 

+ 0 

atoms, according to Hovestadt; the smooth curve is He 304 A emission 

from precipitating MeV helium, according to Meier, and the sawtooth curve 

is the latitude variation of 'probability of occurrence' of H Balmer a 

emission from precipitating H atoms, according to Levasseur. 

With the spacelab observations, we expect to be able to see very faint 

- 2 
emissions, of order 10-I to 10 R, with time integration, and thus to see 

the effects of neutral atom precipitation in quiet as well as disturbed times. 

We will look for emissions not previously detected, and one very important 

objective is to identify the precipitation of atomic oxygen. We will look 

for oxygen emissions of higher excitation potential than those produced by 

recombination, and we will look for lines of hydrogen and helium at low 

altitudes of intensity greater than that possible from resonant scattering, 

and for all three for lines of doppler widths greater than could be produced 

by resonant scattering or chemical excitation. One characteristic of 

collisional excitation by heavy particles is that they transfer momentum and 

excite vibrational levels of molecules, thus high vibrational excitation of 

N*+ ING emissions is a signature of hydrogen atoms or protons below 2 keV, of 

helium ions or atoms below 8 keV, or oxygen atoms or ions below 30 keV, 
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We will be using special techniques to detect the presence of faint 

lines in the presence of background emissions, such as the zodiacal light 

and background starlight. One is to minimize the background by selecting 

viewing directions at high galactic and ecliptic latitudes. This will be 

somewhat constrained by the need to'imaging the limb for altitude profiles of 

the emissions. However, whatever astronomical backgrounds are present will be 

viewed at high zenith angles on a different part of the orbit, and subtracted 

later. Non astronomical backgrounds would be mainly recombination emissions, 

and as noted earlier, the particle precipitation emissions are distinguishable 

on the basis of different doppler widths, and different vibrational ratios 

for molecular emissions. 

I am sure that part of the background we will be identifying and sub- 

tracting will be emissions due to the artificial environment introduced by 

the shuttle, and excited by active experiments on the shuttle, so we hope 

to be of use to other experiments in providing data on these too. 

The final figure summarizes the functional objectives. 



FUNCTIONAL OBJECT IVFS OF ENAP 

1, EVALUATE R E L A T I V E  FLUXES OF DIFFERENT SPECIES INVOLVED I N  

NEUTRAL ATOM P R E C I P I T A T I O N  BY MEASURING I N T E N S I T I E S  OF 

S P E C I F I C  EMISSIONS,  

2 ,  EVALUATE ENERGY SPECTRUM OF PREC I P ITATI NG NEUTRALS BY MEASUR- - 
I N G  (A) DOPPLER PROFILES (B) V I B R A T I O N A L  RATIOS (c) A L T I T U D E  

PROFILES FROM L I M B  SCANNING OF E M I S S I O N S ,  

3 ,  EVALUATE LATITUDE DISTRIBUTION OF PRECIPITATION BY MAKING 

OBSERVATIONS OVER A RANGE OF LATITUDES, I N  FACT THE COMPLETE 

LATITUDE RANGE DEFINED BY THE ORBIT OF SPACELAB, 

4, EVALUATE THE TIME VARIATION OF THE FLUXES OF PRECIPITATING 

NEUTRALSj  AND OF THE L A T I T U D E  D I S T R I B U T I O N S j  PARTICULARLY 

AS IT IS RELATED TO VARIATIONS IN DST AND Kp. FOR THI s THE 

MORE T I M E  SPENT I N  N I G H T T I M E  OBSERVATIONJ UP TO THE MAXIMUM 

DURATION OF THE M I S S I O N J  THE BETTER THE S C I E N T I F I C  RETURN, 

5 ,  EVALUATE THE EFFECTS ON THE ATMOSPHERE, PARTICULARLY HEATING, 

V I B R A T I O N A L  E X C I T A T I O N  AND PRODUCTION OF I O N I Z A T I O N j  BY 

OPTICAL OBSERVATIONS AND IF POSSIBLE OTHER SPACELAB, SATELLITE 

AND GROUND BASED OBSERVATIONS, AND COMPARE WITH EFFECTS 

CALCULATED FROM EVALUATED FLUXES, 

6 ,  EVALUATE THE EFFECTS OF LOSS OF RING CURRENT IONS OF SPECIFIC 

ENERGIES) S P E C I E S j  AND P I T C H  ANGLES ON THE EVOLUTION OF THE 

R I N G  CURRENT) AND COMPARE WITH OTHER S A T E L L I T E  AND GROUND 

BASED (MAGNETIC) OBSERVATIONS, 





SECTION V, WIDE ANGLE MICHELSON DOPPLER 
IMAGING INTERFEROMETER (WAMDI I )  





W A M D I I  - Wide Angle Michelson Doppler Imaging In t e r f e rome te r  - - 
P r i n c i p a l  I n v e s t i g a t o r :  G.G. Shepherd, - York -----. Unive r s i t y ,  Toronto. .-- 

The ins t rument  which w e  a r e  proposing f o r  Spacelab is a s p e c i a l i z e d  

type  of o p t i c a l  Michelson i n t e r f e r o m e t e r  working a t  s u f f i c i e n t l y  h i g h  

r e s o l u t i o n  t o  measure l i n e  wid ths  and Doppler s h i f t s  of n a t u r a l l y  o c c u r r i n g  

atmospheric  emiss ions .  With i t s  imaging c a p a b i l i t y ,  t h e  W A M D I I  can p o t e n t i a l l y  

supply t h i s  in format ion  independent ly  f o r  each element of  t h e  100 x 100 

d e t e c t o r  a r r a y .  The f i e l d  o f  view w i l l  be square ,  measuring 5 t o  10' on a 

s i d e .  The o b j e c t i v e s  of  t h e  experiment a r e  (1)  t o  o b t a i n  v e r t i c a l  p r o f i l e s  of 

Atmospheric winds and temperatures  a s  func t ions  of l a t i t u d e  by obse rv ing  

n e a r  t h e  l imb, (2)  t o  a c q u i r e  exp lo ra to ry  wind and temperature  d a t a  on 

sma l l e r  s c a l e  s t r u c t u r e s  i n  a i rg low i r r e g u l a r i t i e s  and i n  a u r o r a l  forms and 

(3)  t o  c o l l a b o r a t e  w i th  o t h e r  Spacelab experiments ,  such a s  barium c loud  

r e l e a s e s ,  i n  p rov id ing  wind and temperature  da t a .  

A schematic  view of WAMDII i s  shown i n  Fig.  1. It c o n s i s t s  of  a  

Michelson of t he  field-widened type followed by a  camera l e n s  and t h e  100 x 100 

CCD photodiode a r r a y .  An i n t e r f e r e n c e  f i l t e r  i s o l a t e s  t h e  emission l i n e  be ing  

observed and t h e  l e n s  focuses  an image of t h e  emission on t h e  CCD a r r a y .  Thus 

t h e  CCD camera t akes  a  "p ic ture"  of  t h e  emission a s  viewed through t h e  Michelson. 

The Michelson does n o t  a f f e c t  t he  imaging of  t h e  l e n s ,  b u t  superimposes c i r c u l a r  

i n t e r f e r e n c e  f r i n g e s ,  which a l s o  focus  a t  t h e  CCD a r r a y .  The phase o f  t h e  

f r i n g e s  depends upon t h e  p a t h  d i f f e r e n c e  between the  two arms of t h e  Michelson 

and t h e  wavelength of t h e  emission l i n e .  By choosing a  s u f f i c i e n t l y  l a r g e  

p a t h  d i f f e r e n c e ,  even t h e  t i n y  Doppler s h i f t s  caused by atmospheric  winds can 

be  made t o  produce a  measurable phase s h i f t  i n  t he  i n t e r f e r e n c e  f r i n g e s .  

Obviously t he  l a r g e  Doppler s h i f t  due t o  s p a c e c r a f t  motion must be  c o r r e c t e d  

f o r ,  and f o r  t h i s  t he  look  d i r e c t i o n  must be known w i t h i n  about  0 .03  deg rees .  

Measurement of Doppler S h i f t  and T ~ m p e r a t u r e  - - with  a  Michelson - 
The p a t h  d i f f e r e n c e  of  t h e  i n t e r f e r o m e t e r  i s  very n e a r l y  f i x e d ;  on ly  

enough motion of  one r e f l e c t o r  i s  provided t o  scan over  a  s i n g l e  f r i n g e ,  i n  

o rde r  t o  determine i t s  phase. I t  i s  a c t u a l l y  s u f f i c i e n t  t o  measure t h r e e  

p o i n t s  on a f r i n g e  i n  o rde r  t o  determine i t s  phase and ampli tude.  The 

mathematics assumes i t s  s imp le s t  form when the  p o i n t s  a r e  s epa ra t ed  by X/4 

i n  pa th  d i f f e r e n c e .  I n  f i g u r e  2 ,  t he  1's a r e  t h e  t h r ee  i n t e n s i t i e s  



Fig.  2 

measured a t  p o i n t s  on t h e  f r i n g e  one- 

q u a r t e r  wavelength a p a r t .  The phase, +, 
is  then given by 

- - 
1 - 1  

= t a n  -1 1 3 
212 - I1 - I3 , (1)  

re ferenced  t o  4 = 0 a t  I1. Thus one 

wind measurement by WAMDII r e q u i r e s  

t h a t  t h r e e  "p ic tures"  be taken,  w i th  t h e  

pa th  d i f f e r e n c e  s tepped by X/4 between 
4 succes s ive  exposures .  Each exposure y i e l d s  10  i n t e n s i t i e s ;  a s e t  of t h r e e  

4 exposures  t h e r e f o r e  y i e l d s  10  phase va lues ,  o r  Doppler s h i f t s ,  f o r  t h e  one 

f i e l d  of view. 

The change i n  wavelength, AX, due t o  t h e  Doppler s h i f t  is r e l a t e d  

t o  the  r e l a t i v e  v e l o c i t y ,  v ,  of t he  e m i t t i n g  reg ion  by 

A?, v =  - 
C, 

?,o 
where X i s  the  wavelength of t he  unsh i f t ed  l i n e  and c is t h e  v e l o c i t y  of 

0 

l i g h t .  I n  t h e  i n t e r f e r o m e t e r ,  t he  wavelength s h i f t  A X  causes a phase s h i f t  
2nvD AX n = - ,  of A+ = 2n - (2) 

A. A. CAo 
where D is  the  p a t h  d i f f e r ence .  

Wind v e l o c i t y  measurement is  t h e  primary o b j e c t i v e  c f  t h i s  experiment ,  

b u t  a secondary i n t e r e s t  i s  t h e  measurement of a tmospheric  temperature.  This ,  

t oo ,  can be  de r ived  from the th ree  exposures descr ibed  above wi thout  compromising 

the  wind measurements. The f r i n g e  c o n t r a s t ,  o r  v i s i b i l i t y ,  V,  i s  g iven  by 

This  i s  d i r e c t l y  r e l a t e d  t o  t h e  Doppler temperature of t h e  e m i t t i n g  gas through 
9 

V = exp [ - Q T D ~ ]  ( 4 )  

where T i s  t h e  temperature 
2 - 2 

Q = 1.82 x 10-l2 (ao IM) K-I cm . 



-1 
a i s  t h e  c e n t r a l  freqneucy of t h e  emission l i n e  i n  cm and M is  t h e  mass 
0 

of  t h e  atomic s p e c i e s  i n  amu. This  assumes a Gaussian l i n e  p r o f i l e .  In 

graphic  terms, V is  t h e  r a t i o  of  t h e  f r i n g e  amplitude t o  t h e  average va lue .  

( s ee  H i l l i a r d  and Shepherd, 1966). 

Fig. 3 

Figure 4 is  a schematic  r ep re sen ta t ion  of  a Gaussian emiss ion  l i n e  

and i t s  "interferogram" (Four ie r  t ransform) which would be  produced by a 

scanning Michelson in t e r f e rome te r .  The o s c i l l a t i o n s  r e p r e s e n t  t h e  i n d i v i d u a l  

f r i n g e s .  The envelop caus ing  t h e  amplitude t o  decrease  wi th  pa th  d i f f e r e n c e  

(descr ibed  by equat ion  (4))  is  due t o  t h e  f i n i t e  width of  t h e  emission l i n e .  

The broader  t he  emission l i n e ,  t he  more r ap id ly  t h e  f r i n g e  c o n t r a s t  dec reases  

w i th  pa th  d i f f e r e n c e .  Thus, f o r  a given l i n e  width,  an optimum pa th  d i f f e r e n c e  

e x i s t s  f o r  f i n d i n g  the  wind v e l o c i t y  through equat ion  (2 ) .  Since s e v e r a l  

emissions w i l l  be  observed, a compromise pa th  d i f f e r e n c e  w i l l  have t o  be  used, 

probably i n  t h e  range 5 t o  1 0  cm. O r  it may be p o s s i b l e  t o  have two WAMDII 

u n i t s  working a t  d i f f e r e n t  pa th  d i f f e r e n c e s  i n  t h e  same ins t rument  package, 

each dedica ted  t o  i t s  own s e t  of emissions.  Some t y p i c a l  va lues  f o r  l i n e  

width,  v i s i b i l i t y  and phase s h i f t  a r e  given i n  Table 1. 

Figure  5 i s  another  schematic  i l l u s t r a t i n g  an in t e r f e rog ram produced 

by two l i n e s  of equa l  width and i n t e n s i t y .  A double t ,  o r  even a more complicated 

m u l t i p l e t  can be  used f o r  t h e  wind measurements i f  t h e  pa th  d i f f e r e n c e  is  chosen 

s o  t h a t  t he  f r i n g e s  from the  d i f f e r e n t  components a r e  n e a r l y  i n  phase w i t h  

each o the r .  

F i e ld  Widening 
5 

A t  t h e  l a r g e  r e s o l v i n g  powers involved he re  (-10 ), t h e  f r i n g e s  of a 

convent iona l  Michelson a r e  much too narrow t o  be use fu l .  It i s  th r r r o r e  
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necessary  t o  use a technique c a l l e d  f i e l d  widening, o r  f i e l d  compensation, t o  

e n l a r g e  t h e  f r i n g e s  t o  a u s e f u l  s i z e  ( H i l l i a r d  and Shepherd, 1966). The 

technique invo lves  p l ac ing  a  r e f r a c t i v e  p l a t e  i n  one arm of t h e  Michelson and 

a d j u s t i n g  t h e  p o s i t i o n s  of t h e  r e f l e c t o r s  s o  t h a t  t h e i r  v i r t u a l  images a r e  

co inc iden t .  The r e s u l t i n g  symmetry a t  t he  b e a m s p l i t t e r  r e s u l t s  i n  g r e a t l y  

en l a rged  i n t e r f e r e n c e  f r i n g e s .  I n  a  well-compensated Michelson, t h e  c e n t r a l  

f r i p g e  can be 15' i n  diameter ,  compared wi th  0.18' f o r  a  convent iona l  

ins t rument .  F igu re  6  i l l u s t r a t e s  t h e  two conf igu ra t ions .  

The degree  of f i e l d  widening i s  wavelength dependent. Because of 

d i s p e r s i o n  i n  t h e  r e f r a c t i v e  p l a t e ,  t he  l o c a t i o n  of M (Fig. 1 )  f o r  maximum 1 
f i e l d  compensation is d i f f e r e n t  f o r  each wavelength. But i t  i s  p o s s i b l e ,  

u s ing  two p l a t e s  of d i f f e r e n t  r e f r a c t i v i t y  and d i s p e r s i o n ,  one i n  each  arm 

of t h e  Michelson, t o  make the  f i e l d  widening achromatic  enough t o  be  u s e f u l  

i over  a  wide range  of t he  spectrum. 

Instrument  D e s c r i p t i o n  

The des ign  of WAMDII i s  s t i l l  evolv ing  and many ques t ions  remain 

t o  be answered du r ing  the  P r o j e c t  D e f i n i t i o n  Phase. Severa l  a s p e c t s  of t h e  

ins t rument  a r e  d i scussed  below under s e p a r a t e  headings. 

( a )  O p t i c a l  System: 

A b e a m s p l i t t e r  w i l l  probably be a  5 cm cube of fused s i l i c a .  The 

Michelson r e f l e c t o r s  could be corner  prisms o r  p lane  m i r r o r s  wi th  a c t i v e  

p a r a l l e l i s m  c o n t r o l .  An achromatic f i e l d  compensation system may be  needed 

i f  t h e  range of  wavelengths des i r ed  i s  l a r g e .  A l t e r n a t i v e l y ,  i t  may be 

neces sa ry  t o  move one of t h e  r e f l e c t o r s  t o  a  d i f f e r e n t  p o s i t i o n  f o r  each 

wavelength i n  o r d e r  t o  achieve optimum f i e l d  compensation. The l e n s  w i l l  

be  w e l l  c o r r e c t e d  t o  provide a  sharp  image a t  t he  d e t e c t o r  a r r a y ,  and w i l l  

have an  a p e r t u r e  r a t i o  of about f / l .  Pre-opt ics  could be  used t o  t ransform 

t h e  f i e l d  of view b u t  t h i s  i s  not  a n t i c i p a t e d .  

(b)  S tepping  Control :  

I n  o r d e r  t o  achieve accu ra t e  pa th  d i f f e r e n c e  s t e p s  of A/4  between 

exposures ,  one o f  t h e  r e f l e c t o r s  must be moved i n  s t e p s  of X/8, and t h i s  w i l l  

be  done under s e r v o  c o n t r o l  us ing  a r e f e rence  emission l i n e  source.  Collimated 

l i g h t  from t h e  r e f e r e n c e  lamp i s  passed through t h e  Michelson i n  such  

a  way t h a t  t h e  f i e l d  of view of the  main d e t e c t o r  is  no t  obs t ruc ted .  

The emerging beam i s  s e n t  t o  t h e  re ference  d e t e c t o r  and the  s i g n a l  i s  used 

t o  c o n t r o l  t h e  p o s i t i o n  of  t h e  r e f l e c t o r  through a  p i e z o e l e c t r i c  t r ansduce r  

(Fig.  7 ) .  The e x a c t  way i n  which t h i s  i s  done must s t i l l  be  determined, 



b u t  one p o s s i b i l i t y  i s  t o  use  a system s i m i l a r  t o  t h e  one desc r ibed  by 

Elsworth and J a m e s  (1973), i n  which t h e  emerging r e fe rence  beam is p o l a r i z e d ,  

t h e  p lane  of p o l a r i z a t i o n  r o t a t i n g  180' f o r  each wavelength change i n  p a t h  

d i f f e r e n c e .  S tepping  t h e  r e f l e c t o r  a given amount then  corresponds t o  

r o t a t i n g  the  p lane  of p o l a r i z a t i o n  through a given angle ,  and t h e  d e t e c t i o n  

system must b e  designed t o  d e t e c t  t h e  ang le  of p o l a r i z a t i o n .  

The r e fe rence  wavelength can be  q u i t e  d i f f e r e n t  from t h a t  o f  t h e  

l i n e  be ing  measured by t h e  main a r r a y  channel.  The f i l t e r  i n  f r o n t  of  t h e  

a r r a y  ensures  t h a t  l i g h t  from t h e  r e f e rence  lamp does no t  reach  i t .  

Another i n t e r e s t i n g  i d e a  which has  emerged r e c e n t l y  is  t h e  p o s s i b i l i t y  

of b u i l d i n g  a completely s o l i d  Michelson wi th  no moving p a r t s .  The s m a l l  p a t h  

d i f f e r e n c e  s t e p s  could be  provided by a Pockels c e l l  a f t e r  t h e  beam h a s  emerged 

from t h e  in t e r f e rome te r .  This has  g r e a t  advantages from the  p o i n t  of view 

of mechanical s t a b i l i t y .  

( c )  Instrument  Phase and Modulation Depth: 

The r e fe rence  lamp phase lock  a p p l i e s  t o  only t h e  r e f e rence  p a t h  through 

t h e  ins t rument ,  and cannot  be  used t o  c h a r a c t e r i z e  t h e  phase over  t h e  f i e l d  of view 

t o  the  accuracy needed. Therefore a s e t  of phase p i c t u r e s  w i l l  b e  taken  of a 

reference-lamp-illuminated sc reen ,  a t  i n t e r v a l s  of a few minutes ,  and t h e  phase 

der ived  and s t o r e d  f o r  each p i c t u r e  element.  The instrument  does n o t  y i e l d  

100% v i s i b i l i t y  i n  the  f r i n g e s ,  even f o r  an i n f i n i t e s m a l l y  narrow l i n e ,  

because of imperfec t ions  i n  t he  o p t i c a l  s u r f a c e s  and an imper fec t ly  ba lanced  

beamsp l i t t e r .  The in s t rumen ta l  component of t h e  v i s i b i l i t y  response w i l l  

be  measured and s t o r e d  i n  t h e  same ope ra t ion  ( t h e  r e f e rence  l i n e  width i s  f i n i t e  

b u t  known), t o  be  used i n  t he  de te rmina t ion  of temperature a s  desc r ibed  by 

H i l l i a r d  and Shepherd (1966). 

(d) Array Detector :  

P re sen t  in format ion  sugges ts  t h a t  a CCD a r r a y  be used wi thou t  a n  

i n t e n s i f i e r ,  which would y i e l d  only marginal  improvement anyway. F igu res  a v a i l -  

a b l e  from t h e  G a l i l e o  imaging team i n d i c a t e  t h a t  we may expect  30% quantum 

e f f i c i e n c y .  The a r r a y  would have t o  be cooled,  probably t o  -60°C, t o  reduce 

dark  cu r r en t .  A 100 x 100 a r r a y  wi th  50p p i x e l s  i s  poss ib l e  wi th  p r e s e n t  

technology. The a r r a y  might even be somewhat l a r g e r  than t h i s .  

(e)Sun and Horizon Baf f l e s :  

The W A M D I I  w i l l  be  provided wi th  a sunshade t h a t  w i l l  a l low i t  t o  

o p e r a t e  wi th  the  Spacelab i n  sun l igh t  and the  atmosphere i n  darkness .  

8 1 



There i s  a l s o  t he  p o s s i b i l i t y  of ho r i zon  viewing w i t h  t h e  ground 

s u n l i t ,  b u t  t h i s  r e q u i r e s  a  more s o p h i s t i c a t e d  b a f f l e  because t h e  viewed 

limb and t h e  lower atmosphere a r e  very c l o s e  t oge the r  i n  angle .  The 

problem is eased  a s  t h e  Spacelab a l t i t u d e  is  lowered, and a s o l u t i o n  is p o s s i b l e ,  

provided t h e  b a f f l e  can be  made l a r g e  enough. 

( f )  D i r e c t i o n  Sensor:  

The look  d i r e c t i o n  f o r  each exposure must u l t i m a t e l y  be  known w i t h i n  

about  0.03O. S ince  t h i s  cannot be provided a s  t h e  miss ion  i s  p r e s e n t l y  

conf igured ,  i t  w i l l  be necessary  t o  determine t h e  look d i r e c t i o n  independent ly .  

This  can be  done by  observ ing  the  s t a r  f i e l d  w i th  a  camera mounted p a r a l l e l  

t o  WAMDII .  The camera would use a s i m i l a r  a r r a y  d e t e c t o r  and would be  exposed 

s imul taneous ly  w i t h  each  WAMDII exposure.  The a c t u a l  p o i n t i n g  of  t h e  

ins t rument  du r ing  obse rva t ions  should be c a r r i e d  o u t  w i t h i n  a b 0 u t k 0 . 5 ~  accuracy.  

S e n s i t i v i t y ,  Measurement E r r o r s ,  e t c .  

The s i g n a l  produced by a  s i n g l e  element o f  t h e  CCD a r r a y  depends upon 

t h e  a r e a ,  A, o f  t h e  element and t h e  a p e r t u r e  r a t i o ,  f ,  of t h e  camera l e n s .  For 

one e lement ,  t h e  a r e a - s o l i d  angle  product  i s  

71 2 
An = 7 f  A. 
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For a 50p squa re  p i x e l  and f / l  l e n s ,  Ail = 2 x 1 0  cm sr. With a  t ransmiss ion  

o f  5 % ,  a quantum e f f i c i e n c y  of  0 .3  and an emiss ion  i n t e n s i t y  of 5  kR, a p i x e l  

produces 1 2 0  pho toe l ec t rons / s .  

An i n t e n s i t y  of a  few kR i s  what would be  expected f o r  weak a i rg low 

viewed t a n g e n t i a l l y  a t  t he  l imb, o r  weak au ro ra  viewed d i r e c t l y .  I t  appears  

from an  a n a l y s i s  o f  e r r o r s  t h a t  t he  s i g n a l  from a s i n g l e  p i x e l  would have 

t o  b e  averaged f o r  about  30 sec .  t o  o b t a i n  a  wind v e l o c i t y  w i t h  an e r r o r  of 10-20 

m / s .  I n d i v i d u a l  exposures  a r e  l i k e l y  t o  l a s t  about  Is, s o  t h e  ave rag ing  

could be  done by adding toge the r  t he  s i g n a l s  from ad jacen t  p i x e l s  cor responding  

t o  t h e  same a l t i t u d e .  I n  t h i s  way t h e  a l t i t u d e  in format ion  would n o t  be  

l o s t .  

The des ign  proposed he re  uses  a  s i n g l e  a r r a y ,  whose s i m p l i c i t y  has  many 

advantages.  Bes ides  t h e  t echn ica l  f a c t o r s ,  t h e  wind and temperature  equa t ions  

(1) and (3) involve the r a t i o s  of i n t e n s i t y  differences. This means t h a t  f o r  a 

s i n g l e  d e t e c t o r  t h e  dark c u r r e n t s  and c a l i b r a t i o n  f a c t o r s  d i s appea r  through 

c a n c e l l a t i o n  and need n o t  even be determined. 
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TABLE 1 

Emission 
Temp. 
(K) 

Line 
width 
(A) 

V i s i b i l i t y  a t  
pa th  d i f  f .  
of  6 c m  

Ve loc i ty  
( m l s )  

Approx. 
Doppler s h i f t  
a t  6000 A 

Phase s h i f t  a t  
pa th  d i f f .  of  
6 cm. (degrees)  

For each l i n e  wid th ,  t h e r e  i s  an optimum pa th  d i f f e r e n c e  which g ives  g r e a t e s t  

accuracy i n  t h e  wind measurement. For example, f o r  01 6300 a t  T = lOOOK 

i t  is 4.5 cm; f o r  I0 5577 a t  T = 200 K i t  is  9.5 cm. 



COMPENSA T/NG 

INCOMING 

/i/RROR 

ARRAY 
DETECTOR 

Figure 1 



I ' SPECTRUM 

Figure 4 .  

-- 

>- 

- - 

I- WRVELENGTH 



S P E C T R U M  

I N T E R F E R O G R R M  

L I  . - 

.PATH DIFFERENCE a 

Figure 5 
i- 



ORDINARY MICHELSON 

INTERFEROMETER 

Symmetry des t royed  when 
pa th  d i f f e r e n c e  
i n t roduced  

\ 
Ligh t  Out 

R e f r a c t i v e  

L igh t  In  

WIDE ANGLE MICHELSON 

INTERFEROMETER (WAMI) 

Symmetry maintained a t  
l a r g e  p a t h  d i f f e r e n c e  

f Light  Out 

Fi ure  6 A-- 



Reflector /I1 

Compensating 
Plate 

Array 
Detector 

Light I In 
Schematic of Michelson 
with Reference System 

Figure 7 





SECTION V I  . ENERGETIC I O N  MASS SPECTROMETER (EIMS) 





SPACELAB ENERGETIC ION baSS SPECTROblETER 

Principal Investigator: 

B.A. Whalen 

Organization 

Herzberg Institute of Astrophysics 613-992--2734 
National Research Council of Canada 
100 Sussex Drive Telex: 053-3715 
Ottawa, Ontario K1A b ~ 6  
Canada 

Co-Investigators: 

I. B . EIcDiarmid Herzberg Institute of Astrophysics 613-992-7884 
J.R. Burrows National Research Council of Canada 613-992-2734 

R.D. Sharp 
R.G. Johnson 
E.G. Shelley 

Space Sciences Laboratory Ext. 45479 
Department 52-12, Bldg. 205 Ext. 45508 
Lockheed Falo Alto Research Lab. Ext. 45508 
3251 Hanover Street 
Palo Alto, California 94304 
U.S.A. 
Telephone: (415) 493-4411 



Energetic Ion Mass Spectrometer 

A summary of the proposed energetic ion mass composition 
experiments for the Spacelab missions is prcscnted in the following. 
The objectives of the experiments are: 1) to investigate the source 
region or regions for the energetic ion population in the magncto- 
sphere; 2) to investigate ion energization, transport and loss 
mechanisms; 3) to detect the minor constituents of the ion popula- 
tion; and 4) to perform active tracer experiments. The instru- 
ment proposed for the measurements covers the energy range 
from thermal energies (~1/10 eV) to 40 keV and is capable of resolv- 
ing ions with rigidities up to 24.5 FN/c ( B p  = 8.2 x 104 gauss cm) 
with a mass resolution ~ m / m  = 0.1. The geometric factor is large 
enough to measure the anticipated fluxes of minor ion species (e.g. 
06+, He3++, He3+ if of solar wind origin and ~le~', N', N ~ ' ,  ~ e + ,  Fe 4- 
if of ionospheric origin) in the energetic ion precipitation and will 
also be used to measure the more rare constituents of the ionospheric 
plasma. 

The instrument proposed for the mission is composed of 
an electrostatic analyzer followed by a magnetic spectrometer and 
simultaneously measures the energy per unit charge ( E / Q )  and mass 
per unit charge (m/Q) of the ion species. This device is similar in 
principle to ones used by the NRC group for sounding rocket experi- 
ments, but has been scaled up to give a larger geometric factor. An 
electromagnet is used for momentum analysis to extend the operational 
energy range over a much wider domain than possible with the permanent 
magnets used in previous space flights. Retarding potential analysis 
followed by preacceleration has been added before the cylindrical 
plate electrostatic analyzer to extend the energy range to thermal 
energies and to increase the geometric factor for low energy ions. 
This feature is identical to that used by the Lockheed group on 
their ISEE and Dynamics Explorer satellite instruments. 

The sensitivity and mass resolution capabilities of 
this instrument exceed by orders of magnitude any previously flown 
instruments since it is only the large weight carrying capability 
of the Shuttle which makes this instrument feasible for space cs- 
periments. In previous spacecraft experiments the momentum analysis 
performed by the magnetic field portion of the instrument was com- 
promised by the weight and, to a lesser extent, the power avai.lnble 
for any one instrument. This implied that the mass resolution and 
geometric factor for high rigidity particles was seriously degraded, 
making high resolution and high sensitivity mass composition mea- 
surements of keV to tens of keV heavy ions impossible. The Spncelnb 
mission prcscnts the first opportunity to makc such mcasurcmcnts i 11 
tlic 1-cgion of morncntum sp~1c.c  \ i l l i ~ l l  i s  so illll)ol-t;~tit to tllc ~l~lclc\l'- 

st:in~li ng of basic m;lgnctosphcr. ic p r o c c s s c s  . 

It is anticipated that results from this program will in- 
crease our understanding of processes i.nvolvcd in the in jection, 
cncrgization, transport and loss of mngnetosphcl-ic ions. 
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. . 1 .  SCIENTI FI C OB,JECT TVES 

Mass composition measurements of ambient magnetospheric 
ions have recently given new insight into magnetospheric processes, 
We propose to expand and improve on thesc measurements as well as 
to use the.d+rect detection of ion tracer releases to improve our 
understanding of these mechanisms. The major objectives for this 
mission are outlined.below. 

a] .. Energetic Io'n Source Regions - 
a .  

, 

Ion mass composition measuremcnts have been made in the 
past to determine the source regions for energetic magnetospheric 

d ions. The two possible source regions, the solar wind and the 
ionosphere, have significantly different charge states and minor 
ion species composition. The dominant ion species in the solar 
wind are H+ and ~e,++. The next most abundant species is three 
to four orders of magnitude down in intensity from 14'. The i c n o -  
spheric composition at low altitudes is both variable and strongly 
dependent on magnetic latitude. At latitudes below about 6 0 ° ,  the 
composition is dominated by H+ and l ieb+ at altitudes above about 
1000 km. At latitudes above about 60°, verticle profile data on 
the ionospheric composition are limited, but the dominant ion from 
the F-region peak up to altitudes of about 3000 km is often 0'. 
The minor ionospheric ion constituents at high altitudes are not 
well known; indeed, one of the objectives of this program will 
be to measure these ions. Recent measurements indicate that ~ e +  
ions are sufficiently abundant at ionospheric altitudes to be 
detectable in the energetic population, assuming an ionospheric 
source. 

Mass composition observations indicative of both solar 
wind origin and ionospheric origin have been reported in the liter- 
ature. However, the relative contributions of the two source re- 
gions to the hot magnetospheric plasma is uncertain at this time 
and remains the subject of considerable scientific interest. h 
major deficiency of the previous measurements has been the lack 
of adequate sensitivity to observe routinely the minor solar wind 
constituents which have entered the magnetosphere. One of the 
goals of this proposal is to utilize the greatly increased sen- 
sitivity to expand thesc investigations and to extend them into 
as yet unexplored mass and energy regions. 

Although the possibility of detecting energetic heavy 
ion species such as isotopes of Argon, Krypton and Xenon is remote 
(using the sensor proposed here and assuming normal solar and 
atmospheric abundances), the cosmo1ogic:~l significance of these 
mcasuremcnts relating to the earth's accretion rate is important 
c n o ~ ~ g h  to dcdicntc sonic timc to :I scn1.cl1 f o r  t h c s c  c l c~ l l c l l t s  i l l  

t l ~ c  pr'ccipitntion. 12 natural evolution of thc instru~nent described 
here would involve an increase in the instrument geometric factos, 
and therefore size and weight, to make the detection of these species 
feasible. A geometric factor increase of one ordcr of magniti~dc 
should bc ndcquntc and would imply 1-ougllly :A factor 01' tcn i n c r c a s e  
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in instrument (m~ignet) weight. 'The final design of the scalcd-up 
instrument would depend on results from the first gcncration cxpcri- 
ment. 

b ) .  Ion ~nergization Mechanisms 

Several energization mechanisms for solar wind ions 
appear in the literature and these processes are sensitive to the 
m/Q of the ion being accelerated. The limited range in energy, 
mass and rigidity of ions detected until now make conclusive 
comparisons between theory and observation difficult. The detcc- 
tion of O+ and ~ e +  ions in the magnetosphere have added an unex- 
pected complexity to magnetospheric processes. These data indicate 
that the ionosphere is also an important source for energetic ions. 
Several theories have been presented which predict the energiza- 
tion of ionospheric ions, the energy source being either the ring 
current particles or electrostatic acceleration associated with 
auroral electron energization processes, The relative importance 
of these energization mechanisms remains uncertain. 

The simultaneous measurement of energy spectra of several 
ions, particularly ones widely spaced in m/Q and rigidity, can be 
used to test the validity of these mechanisms. To this end the 
spectrometer described in the following has a greatly increased 
sensitivity and will have sufficient mass resolu:ion, for high 
rigidity ions, to make the necessary spectral measurements of the . . heavy ion population. 

c) Field Line Tracing 

Naturally occurring heavy ions serve as good tracers of 
convective electric fields. The heavy ion composition can be used 
to identify a flux tube since at low energies all heavy ions will 
remain fixed to a particular field line which can then be identi- 
fied at some later time by its composition. Using this method of 
identification, convection of field lines through the magnetosphere 
may be followed. 

For example, assuming a solar wind injection, coordinated 
solar wind and low altitude observations will allow one to observe 
the regions and times for solar wind entry into the magnetosphere 
as a function of ion mass. Similarly, with an ionospheric injec- 
tion event various ion clouds may be observed as a function of 
latitude and local time as they are convected and energized in the 
magnetosphere. As will be discusscd later, observations of ener- 
getic ions at low altitudes can be significantly perturbed by 
charge exchange effects and such cffccts must he considered in 
modeling the events. 

; \ c t  i L \ A ~ ) L \ I - ~ I I I L \ I ~ ~ S  I t i \  o 1 i 11s t I I C  I I I - I C ~ L .  t iotl o f  ':IS i 1 \- 
i clc\~iti f i c d  hcnvy i o n s  ( c  . g .  , 1 i th it1111 o r  I , ; I I .  i \ i n ~ )  i ~ t o  t hc m a g ~ l ~ t o -  
sphcre and solar' wind arc also pln~lrietl. 'I'his tcchnicluc of fcrs n 
method of uniquely tagging field l i ne s  in a cont~.ollcd f3sllioll. 



D i r e c t  d e t e c t i o n  o f  t h e s e  i o n s  a t  v a r i o u s  t i rncs  a f t e r  i n j e c t i o n  
w i l l  p r o v i d e  v a l u a b l e  i n f o r m a t i o n  on b o t h  e n t r y ,  . i f  t h e  r e l e a s e  
o c c u r s  i n  t h e  s o l a r  wind ,  and e n e r g i z a t i o n  mechanisms. Hencc,  a 
mass s p e c t r o m e t e r  c a p a b l e  o f  r e s o l v i n g  t h e  t r a c e r  i o n s  f rom t h e  
ambient  i s  r e q u i r e d .  T h i s  i n s t r u m e n t  s h o u l d  o b v i o u s l y  have  t h e  
l a r g e s t  p o s s i b l e  g e o m e t r i c  f a c t o r  t o  maximize t h e  d e t e c t i o n  p r o -  
b a b i l i t y  and  a  h i g h  mass r e s o l u t i o n  t o  r e d u c e  t h e  background d u e .  
t o  t h e  a m b i e n t ,  With s u c h  a d e v i c e  t h e  motion and e n e r g i z a t i a r i '  
o f  t r a c e r  i o n s  can  b e  moni to red  d i r e c t l y .  

As a f i r s t  s t e p  toward s u c c e s s f u l  t r a c e r  e x p e r i m e n t s ,  a 
s u r v e y  o f  t h e  ambient  (background) i o n s  w i t h  an i n s t r u m e n t  s u i t a b l e  
f o r  a c t i v e  t r a c e r  e x p e r i m e n t s  must be u n d e r t a k e n .  To d a t e ,  t h i s  
has n o t  b e e n  done .  

I t  s h o u l d  be  n o t e d  t h a t  f o r  low a l t i t u d e  i n j e c t i o n s  
t h e  a v e r a g e  t r a c e r  i o n  e n e r g y  a t  i n j e c t i o n ,  u s i n g  shaped  c h a r g e  
t e c h n i q u e s ,  o r  t h e  s p a c e c r a f t  o r b i t a l  v e l o c i t y ,  would be a p p r o x i -  
m a t e l y  10  t o  100 e V  o r  o f  t h e  same o r d e r  a s  t h e  ambient  t h e r m a l  
plasma h i g h  ene rgy  t a i l .  The s p e c t r o m e t e r  must t h e r e f o r e  be  
c a p a b l e  of  o p e r a t i n g  a t  low e n e r g i e s  a n d ,  i n  f a c t ,  t o  comple te  t h e  
ambient  i o n  s u r v e y ,  s h o u l d  be c a p a b l e  o f  a n a l y z i n g  t o  t h e r m a l  ( o r  
ram) e n e r g i e s .  T h i s  i n s t r u m e n t  h a s  t h i s  c a p a b i l i t y  a l t h o u g h  
o n l y  t h e  minor  o r  t r a c e  i o n  c o n s t i t u e n t s  o f  t h e  t h e r m a l  p lasma 
w i l l  be mon i to red .  The dominant i o n  s p e c i e s  would s a t u r a t e  t h e  
d e t e c t o r  and s h o u l d  be  measured u s i n g  s t a n d a r d  s e n s o r s .  

d) C o o r d i n a t e d  I n v e s t i g a t i o n s  

S e v e r a l  s p a c e c r a f t  c a r r y i n g  i o n  mass s p e c t r o m e t e r s  may 
be  o p e r a t e d  d u r i n g  t h e  S p a c e l a b  f l i g h t s  ( e . g . ,  ISEE, D E ,  GEOS 11, 
AMPTE, PIE 11, e t c . ) .  C o o r d i n a t i o n  o f  o b s e r v a t i o n  from t h e s e  
s p a c e c r a f t  a l o n g  w i t h  s i m u l t a n e o u s  measurements  f rom sound ing  
r o c k e t s  and ground-based ( o p t i c a l )  f a c i l i t i e s  w i l l  be u n d e r t a k e n  
t o  i n v e s t i g a t e  t h e  s p a t i a l  d i s t r i b u t i o n s  o f  t h e  v a r i o u s  i o n  popu la -  
t i o n s .  These measurements w i l l  be  conduc ted  d u r i n g  t h e  i n v e s t i g a -  
t i o n s  d i s c u s s e d  p r e v i o u s l y .  I f  t r a c e r  i o n  r e l e a s e s  a r e  t o  be  
pe r fo rmed  d u r i n g  t h e  f i r s t  m i s s i o n ,  e f f o r t s  w i l l  be  made , t o  - c o o r d i -  
n a t e  t h e  mass s p e c t r o m e t e r  o b s e r v a t i o n  p e r i o d s  w i t h  t h e ' r e l e a s e .  
I o n  r e l e a s e s  from t h e  C . R . M .  a s  w e l l  a s  SEPAC w i l l  be o f  p a r t i c u -  
l a r  i n t e r e s t  h e r e .  

2 .  ORBIT CONSIDERATIONS 

Charge exchange r e a c t i o n s  can  o c c u r  be tween p r e c i p i t a t i n g  
i o n s  and a t m o s p h e r i c  c o n s t i t u e n t s  a t  low a l t i t u d e s ,  t h u s  chang ing  
t h e  m / Q  o f  t h e  p r imary  i o n  beam. Using t h e  mean COSPAR i n t c r n n t i o n a l  
r e f e r e n c e  a tmosphere ,  i t  car1 b c  shown t h a t  t h c  t lnpcr turbcd  pr in l :~ry  
i o n  I7ca11l i 1 1  1)c. c~ l , sc . i .~c \~ l  ; ~ t  I 0 0  1,111 , I  I t  i t [I,IL\. l l c ~ \ i ~ \ ~ . ~ r ,  s ~ I I L . L ~  t 
al-inosp11ci.i~ d c i l s i t y  111:iy illcl*casc\ 01- J c c r c : ~ s c \  1)). o r d c r  ol '  Irla!g~li- 
t t ~ d c  a t  t h c s c  r l l t i t u d c s ,  d c p c ~ l d i n g  on  sol:^^. a c t i v i t y  ancl latitude, 
t h e  p r i m a r y  i o n  beam may o r  may n o t  r c a c h  t h c  s e n s o r  i n  i t s  unpcr -  
t u r b e d  cll:irgc s t : i  t c .  \ ~ n l t i a l ~ l c  o b s c r v a t  i o n s ,  tlicrc l 'orc ,  may l ~ c  ~n:iJc. 



a t  4 0 0  km. However, a  p r e f e r r e d  o r b i t  would be a  few a t m o s p h e r i c  
s c a l e  h e i g h t s  h i g h e r  ( i  . e . ,  500-600 km)  . 

I t  s h o u l d  be  n o t e d  t h a t  c o n t a m i n a n t  g a s  s u r r o u n d i n g  t h e  
S p a c e l a b  may a l s o  c a u s e  s i g n i f i c a n t  c h a r g e  exchange  e f f e c t s ,  hence  

, a  mon i to r  o f  t h e  l o c a l  g a s  p r e s s u r e  i s  r e q u i r e d  t o  c o r r e c t  f o r  
p e r i o d s  o f  h i g h  ambient  p r e s s u r e  a s s o c i a t e d  w i t h  e n g i n e  f i r i n g s ,  

' e t c . ,  a s  w e l l  a s  t o  d e f i n e  t h e  a t m o s p h e r i c  c o n d i t i o n s .  

C l e a r l y ,  i f  h i g h  l a t i t u d e  ( a u r o r a l )  d a t a  i s  t o  b e  o b t a i n e d  
t h e  o r b i t  i n c l i n a t i o n  s h o u l d  be a t  t h e  maximum a l l o w a b l e .  A p o l a r  
o r b i t i n g  s p a c e c r a f t  would b e  i d e a l ;  however ,  even  a  57 '  i n c l i n a t i o n  
( l aunch .  f rom K.S.C.) would p l a c e  t h e  s p a c e c r a f t  i n  t h e  a u r o r a l  zone 
o v e r  n o r t h e r n  Canada n e a r  l o c a l  m i d n i g h t .  

3. INSTRUEIEXT DESCRIPTION 

The i n s t r u m e n t  d e s c r i b e d  i n  t h i s  s e c t i o n  w i l l  be  u s e d  
a s  t h e  ba . s i s  f o r  d e s i g n  t r a d e - o f f  s t u d i e s  d u r i n g  t h e  PDP p h a s e .  
The two groups  i n v o l v e d  i n  t h e  s t u d y  w i l l  c o n t r i b u t e  e q u a l l y  t o  
t h i s  p o r t i o n  ,of t h e  program. The I n s t r u m e n t  C o n t r o l  and Data  

- Handl ing  sys t em i s  t o  be deve loped  by LMSC and t h e  s e n s o r  i s  t o  
be p r i m a r i l y  N R C 1 s  r e s p o n s i b i l i t y .  

A s  t h e  b a s i c  d e s i g n  c r i t e r i a  we have r e q u i r e d  t h a t  t h e  
i n s t r u m e n t  have a  mass r e s o l u t i o n  (Am/m) o f  0 . 1  f o r  i o n s  w i t h  
r i g i d i t y  (mv/Q) up t o  t h a t  o f  20 k e V  0+ i o n s ,  which i s  an mv/Q 
o f  2 4 . 5  W / c .  E q u i v a l e n t l y ,  i n  a  magne t i c  f i e l d  B ,  s i n c e  
B p  = rnv/Q.where p i s  t h e  i o n  r a d i u s  of c u r v a t u r e  i n  t h e  f i e l d ,  
t h e  maximum i o n  B p  w i l l  be 8 . 2  x l o 4  g a u s s  cm. The i n s t r u m e n t  
must a l s o  have an  e n e r g y  r e s o l u t i o n  AE/E o f  0 . 1  and a  g e o m e t r i c  
f a c t o r  ( G . F . )  l a r g e  enough t o  a l l o w  f o r  d e t e c t i o n  o f  t h e  minor  
c o n s t i t u e n t s  o f  t h e  e n e r g e t i c  i o n  p o p u l a t i o n  ( G . F .  % 10-1 cm2 s r ) .  
To p e r f o r m  t h e  e n e r g y  and mass a n a l y s i s  a  combina t ion  o f  e l e c t r o -  
s t a t i c  and  m a g n e t i c  a n a l y s e r s  shown i n  F i g u r e  1 was chosen  from 
among many p o s s i b l e  d e s i g n s  c o n s i d e r e d .  T h i s  d e s i g n  was s e l e c t e d  
t o  t a k e  advan tage  o f  t h e  l a r g e  a r e a  and n e a r  o m n i d i r e c t i o n a l  i o n  
, s o u r c e  ( t h e  magnetosphere)  . A f o c u s i n g  magne t i c  d e f l e c t i o n  s y s t e m  
was s e l e c t e d  t o  g i v e  b o t h  h i g h  s e n s i t i v i t y  and low background.  

a )  Momentum Ana lyze r  

To a c h i e v e  a  c o n s t a n t  mass r e s o l u t i o n  i n d e p e n d e n t  o f  
p a r t i c l e  r i g i d i t y  and a  wide o p e r a t i o n a l  r a n g e ,  a  magne t i c  a n a l y z e r  
formed w i t h  an e l e c t r o m a g n e t  was chosen .  T h i s  i s  a  s t a n d a r d  c o n f i -  
g u r a t i o n  f o r  l a b o r a t o r y  mass s p e c t r o m e t e r s .  F i r s t  o r d e r  f o c u s i n g  
u s i n g  shaped p o l e  p i e c e s  i s  employed t o  g e t  t h e  maximum g e o m e t r i c  
f a c t o r  f o r  a g iven  p o l c f a c e  ;1rcn ( o r  m a g n e t  weight) . 'I'lic rna~t lc t  i c  
;tt~;ily:cr ~ C I L . \ I S L ~ S  ;I p;11-~11 l c > l  ~ ) L \ , I I I I  O K  1):11-t i c l c s  c ~ ~ t ( \ ~ . i ~ ~ ; :  t I l ~ \  L - ~ I I . V L > ( ~  
p o l e  F:IL-c t o  a p o i n t  \~ l i i c I i  i s  ; ~ t  t l i ~  c ' ~ \ ~ l t r c \  (I( '  t l lc L . ~ I ; I I \ I ~ L \ I  c l t ~ - t l ' ~ ~ ~  
m u l t i p l i e r  a r r a y  sho\in i n  Fig~1r.c 1. Dcl)cndi~lg on t h c  tilass r c s o l u -  
t i o n  and  g e o m e t r i c  f a c t o r  r e q ~ l i r c m c n t s  , t h C  C l i M  c 1 cti!cti t s  may Ilc 
o p e r a t e d  e i t h e r  i n d e l ~ c n d e n t l y  o r  vn r io i l s  e l  c m c n t s  s t ~ n l t n c r l .  'l'hi s 
f u n c t i o n  i s  c o n t r o l l c c l  b y  t h c  i ~ i s t r ~ ~ r ! ~ c l i t  con t l -o l  ant1 rlatn hnnd l  i n g  
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s e c t i o n .  I n  t h e  h i g h e s t  mass r e s o l u t i o n  mode o n l y  t h e  c e n t r e  
e l e m e n t s  a r e  used  w h i l e  t h e  end  e l e m e n t s  m o n i t ~ r  t h e  "backgroundf1 
r a t e .  

One problem which must be  c o n s i d e r e d  i n  t h e  s e l e c t i o n  o f  
t h e  s e n s i n g  e l e m e n t  i s  i t s  r e s p o n s e  t o  c o n t a m i n a t i o n  from S p a c e l a b  
v e n t i n g .  Channel e l e c t r o n  m u l t i p l i e r s  a r e  l e s s  s e n s i t i v e  t h a n  
o t h e r  open-ended ( d i s c r e t e  dynode) d e v i c e s  t o  t h e  c o n t a m i n a n t s  
e x p e c t e d  i n  t h e  p a y l o a d  bay and t h u s  a r e  t h e  p r e f e r r e d  d e v i c e s ;  
however,  we p ropose  t o  s t u d y  t h e  r e s p o n s e  o f  t h e  s e n s o r s  t o  c o n t a -  
minant  g a s e s  t o  e n s u r e  r e l i a b l e  o p e r a t i o n .  Ease o f  r e p l a c e m e n t  o f  
t h e  e l e c t r o n  m u l t i p l i e r  a f t e r  e a c h  f l i g h t  i s  a l s o  i m p o r t a n t  i n  t h e  
s e l e c t i o n  o f  t h e  s e n s i n g  e l e m e n t s .  

S t r a y  e l e c t r i c  and magne t i c  f i e l d s  may a l s o  i n t e r f e r e  
w i t h  some o f  t h e  low e n e r g y  measurements  p r o p o s e d .  I o n s  w i t h  
e n e r g i e s  g r e a t e r  t h a n  a  few hundred  e l e c t r o n  v o l t s  s h o u l d ,  however ,  
b e  r e l a t i v e l y  u n a f f e c t e d  by t h e  a n t i c i p a t e d  c o n t a m i n a n t  f i e l d s .  
To minimize t h i s  problem t h e  s p e c t r o m e t e r  s h o u l d  b e  l o c a t e d  i n  a 
r e g i o n  removed from i n s u l a t i n g  s u r f a c e s  and  h i g h  dc e l e c t r i c  and 
magne t i c  f i e l d s .  

S t r a y  magne t i c  f i e l d s  w i l l  a l s o  b e  p roduced  by t h e  
e l e c t r o m a g n e t .  A s c a l e  model o f  t h e  a n a l y z e r  was c o n s t r u c t e d  and 
some i n i t i a l  t e s t s  conduc ted .  The s t r a y  f i e l d  was measured and,  
when s c a l e d  up t o  t h e  f l i g h t  u n i t ,  w i l l  be  below t h e  e a r t h ' s  
f i e l d  a t  a  d i s t a n c e  of  ~3 m from t h e  i n s t r u m e n t  w i t h  no m a g n e t i c  
s h i e l d i n g .  Some s h i e l d i n g  i s  r e q u i r e d  f o r  p r o p e r  o p e r a t i o n  o f  
t h e  i n s t r u m e n t  and more may be  added a s  r e q u i r e d  t o  r e d u c e  t h e  
s t r a y  f i e l d .  

A magne t i c  f i e l d  s t r e n g t h  o f  10 k g a u s s  ( 1  T) i s  needed  
i n  t h e  gap t o  f o c u s  20 keV 0+ i o n s .  To e s t i m a t e  t h e  peak power 
and c u r r e n t ,  t h e  c o i l  was assumed t o  be wound w i t h  # 8  AWG w i r e .  
Three  hundred  and twen ty  t u r n s  a t  25 amps w i l l  p roduce  t h e  10 k g  
f i e l d .  T h i s  i m p l i e s  a  peak IR power d i s s i p a t i o n  o f  200 W a t t s .  
The d i s s i p a t i o n  a v e r a g e d  o v e r  a l l  o p e r a t i n g  modes and e n e r g i e s  
would be  much lower  (%SO W ) .  Some s a v i n g s  i n  power c a n  b e  made 
by go ing  t o  more e x o t i c  w i n d i n g s ;  however ,  t h e s e  f i g u r e s  s e r v e  as  
good e s t i m a t e s  o f  t h e  maximum power used  by  t h e  e l e c t r o m a g n e t .  

O the r  c h a r a c t e r i s t i c s  s u c h  a s  w e i g h t ,  i n d u c t a n c e  and  
t ime c o n s t a n t  a r e  l i s t e d  i n  F i g u r e  1. Al though  o n l y  rough e s t i -  
m a t e s ,  t h e  r e s p o n s e  t ime  and mass o f  t h e  s y s t e m  a p p e a r  t o  be 
a c c e p t a b l e  from an e n g i n e e r i n g  v i e w p o i n t .  The a n a l o g u e  c o n t r o l  
s i g n a l s  f o r  t h e  e l e c t r o m a g n e t  power s u p p l y  w i l l  o r i g i n a t e  i n  t h e  
i n s t r u m e n t  c o n t r o l  s e c t i o n .  The c u r r e n t  s u p p l y  c i r c u i t  w i l l  
o p e r a t e  on a  feedback s y s t e m ,  t h e  p r i m a r y  f i e l d  s e n s o r  b e i n g  a 
mngnctomctcr mountcd i n  thc  S:II'. IJs ill!; t h i s  type o f  fcc( l l~ :~c l \  t l lc  
c o i l  \ < i l l  1 1 ~  cll-i\.c:l t o  L I I ' O ~ ~ I I L - L -  ~111 ~ \ . c \ l * ; ~ l l  ~ ' C S I I O I I S C  ti111c O S  t l i ~ \  

c l e c t r o ~ i l a g ~ l c  t s y s  tcm 01: appl .osi l l~: i tc l !~ 1  / 1  0 t h c  l~~tigllct  t inlc con-  
s t a n t  (50 ms) . Rapi J cllangcs i n  f i c l d  r e q u i r e  inc re i r sed  i n s t a n -  
t a n e o u s  power cl iss  i p a t i o n ,  'To r cducc  t j lc i n s  t a n  t n n c o ~ l s  power 
r e q u i r e m e n t s  t o  (200 W a s l i l a l l  capacitance s t o r t l g c  (~%10 ,000  p r  
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a t  100 V) may be  r e q u i r e d  f o r  r a p i d  i n c r e a s e s  i n  c u r r e n t .  I f  a l l  
r a p i d  changes  a r e  l i m i t e d  t o  d e c r e a s i n g  f i e l d  c o n d i t i o n s  no e n c r g y  
s t o r a g e  i s  r e q u i r e d .  

A d rawing  i n d i c a t i n g  t h e  mounting and o v e r a l l  d imens ions  
o f  t h e  i n s t r u m e n t  package a p p e a r s  i n  F i g u r e  2 .  Dur ing  t h e  PDP 
phase  c o n s i d e r a t i o n  w i l l  be g i v e n  t o  mount ing  ICDH and some o f  t h e  
power s u p p l i e s  s e p a r a t e  from t h e  s e n s o r s .  

b )  E l e c t r o s t a t i c  Energy Ana lyze r  

The e n e r g y  a n a l y s i s  i s  pe r fo rmed  u s i n g  two s y s t e m s ,  a  
r e t a r d i n g  p o t e n t i a l  a n a l y z e r  (R.P.A.) f o r  low e n e r g y  (0-50 eV) 
i o n s  and a  c y l i n d r i c a l  p l a t e  e l e c t r o s t a t i c  a n a l y z e r  (C.P.E.A.) 
f o r  h i g h  e n e r g y  i o n s  ( l e s s  t h a n  40 keV/Q). To r e t a i n  an e n e r g y  
r e s o l u t i o n  AE/E o f  t h e  o r d e r  o f  10% and s t i l l  keep  t h e  d e f l e c t i o n  
p l a t e  s i z e  t o  a  minimum and t h e  g e o m e t r i c  f a c t o r  a t  a  maximum, a s  
d e f i n e d  by t h e  m a g n e t i c  s p e c t r o m e t e r  p o l e  f a c e  s e p a r a t i o n ,  a  s e t  
o f  t h r e e  c o n c e n t r i c  c y l i n d r i c a l  p l a t e s  w i l l  be u s e d .  The c e n t r e  
p l a t e  w i l . 1  be  o p e r a t e d  a t  r o u g h l y  t h e  mean o f  t h e  p o t e n t i a l s  
a p p l i e d  t o  t h e  two o u t s i d e  p l a t e s .  C o l l i m a t o r s  w i l l  be  i n s e r t e d  
between g r i d  G 3  and t h e  C.P.E.A. ( s e e  F i g u r e  2 )  t o  p roduce  t h e  
n e a r l y  p a r a l l e l  beam a t  t h e  e x i t  a p e r t u r e  r e q u i r e d  f o r  t h e  m a g n e t i c  
a n a l y z e r .  

The C.P .E.A.-e lec t romagnet  s y s t e m  w i l l  b e  d e s i g n e d  t o  
be  f l o a t e d  up t o  -3  kV. T h i s  o p t i o n  w i l l  be  u s e d  t o  p r e a c c e l e r a t e  
i o n s  between t h e  R.P.A. and t h e  C.P.E.A.,  t h e r e b y  i n c r e a s i n g  t h e  
d e t e c t i o n  e f f i c i e n c y  and g e o m e t r i c  f a c t o r  f o r  low e n e r g y  i o n s .  .. 

I n  t h e  h i g h  e n e r g y  modes t h e  R.P.A. i s  s e t  t o  r e p e l  
unwanted low e n e r g y  i o n s .  I n  t h e  l o w e s t  e n e r g y  mode t h e  r e p e l l e r  
g r i d  (G2) w i l l  be used  t o  i n t e g r a l  e n e r g y  a n a l y s e  t h e  i o n s  b e f o r e  
p r e a c c e l e r a t i o n .  T h i s  approach  i s  i d e n t i c a l  t o  t h a t  u s e d  by t h e  
Lockheed group f o r  t h e  ISEE s a t e l l i t e  mass s p e c t r o m e t e r  and i s  
t h e  p roposed  method f o r  t h e  DE m i s s i o n .  P o s i t i v e  i o n s  e n t e r i n g  
t h e  R.P.A. a r e  a n a l y z e d  i n  t h e  0  t o  20 V r a n g e ,  a c c e l e r a t e d  by t h e  
3 kV p o t e n t i a l  d r o p  between G 2  and G 3  and momentum a n a l y z e d  and 
d e t e c t e d  i n  t h e  n e g a t i v e l y  b i a s e d  C.P.E.A.-magnet ic  s p e c t r o m e t e r  
sys t em.  A t  t h i s  t ime  t h e  C.P.E.A. i s  s e t  t o  a n a l y z e  3 keV/Q 
p a r t i c l e s  and i s  t r a n s p a r e n t  t o  a l l  low e n e r g y  ( < 5 0  eV) i o n s .  
The R.P.A. w i l l  have t y p i c a l l y  32 v o l t a g e  s t e p s  and w i l l  be con- 
t r o l l e d  by t h e  i n s t r u m e n t  c o n t r o l  l o g i c  and by t h e  S p a c e l a b  
computer .  

I n  t h e  mid-energy r ange  (20-200 eV) two sub-modes can  b e  
s e l e c t e d .  One u s e s  3 kV p r e a c c e l e r a t i o n  and R.P.A. a n a l y s i s  t o  
g i v e  p s e u d o - i n t e g r a l  e n e r g y  s p e c t r a ,  a s  i n  t h e  l o w , e n e r g y  mode. 
The second mode u s o s  no p r e a c c e l c r n t i o n  ancl t h e  C . P . E . A .  t o  g i v c  
c l i f t ' c r c n t i n l  c n c r ~ y  spcctr : i  it11 fitI:/l: - t i .  1 .  

I n  t h e  h i g h  ene rgy  riiodc t h c  I i . l ) . A .  i s  s e t  t o  r e p e l  low 
e n e r g y  (50 e V )  i o n s  and t h e  C.P.E.A. i s  u s e d  f o r  e n e r g y  a n a l y s i s .  
The p r e a c c e l c r a t i o n  v o l t a g e  can  b e  s e t  t o  e i t h c r  z e r o  o r  3 k V ,  
depending  on t h e  r c q u i r c m c n t s  o f  t h c  e x p e r  i rncnt . ?'he p r c n c c c  1 c r n -  
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t i o n  mode w i l l  be used  t o  i n c r e a s e  t h e  e f f e c t i v e  g e o m e t r i c  f a c t o r  
a t  t h e  expense  o f  e n e r g y  r e s o l u t i o n .  With no p r c a c c e l e r a t i o n  t h e  
C . P . E . A .  p l a t e s  a r e  o p e r a t e d  i n  a b a l a n c e d  c o n f i g u r a t i o n  w i t h  t h e  
c e n t r e  p l a t e  grounded and t h e  two o u t s i d e  p l a t c s  a t  v o l t a g e s  u p  
t o  +6  kV. The p l a t e  v o l t a g e s  w i l l  be  a d j u s t e d  s o  t h a t  t h e  c e n t r e  
t r a j e c t o r y  e n e r g y  w i l l  be t h e  same i n  e a c h  h a l f  o f  t h e  s y s t e m .  

The upper  e n e r g y  l i m i t  f o r  heavy i o n s  i s  s e t  by t h e  mag- 
n e t i c  d e f l e c t i o n  s y s t e m  which was d i s c u s s e d  p r e v i o u s l y .  For  i o n s  
w i t h  m / Q  < 16 t h e  m a g n e t i c  a n a l y z e r  i s  c a p a b l e  o f  f o c u s i n g  e n e r g i e s  
g r e a t e r  t h a n  20 keV. Here t h e  upper  l i m i t  i s  s e t  by t h e  maximum 
v o l t a g e  which may b e  a p p l i e d  t o  t h e  e l e c t r o s t a t i c  d e f l e c t i o n  
p l a t e s .  An upper  l i m i t  n e a r  E / Q  = 40 kV i s  e s t i m a t e d  f o r  t h e s e  
l i g h t  i o n s .  

A l l  i n s t r u m e n t  o p e r a t i o n a l  modes a r e  i n d e p e n d e n t l y  
programmable v i a  t h e  S p a c e l a b  computer  and  i n s t r u m e n t  c o n t r o l  
s e c t i o n ;  however ,  a  number o f  prepragrammed s c a n n i n g  r o u t i n e s  w i l l  
be  a v a i l a b l e  i n  t h e  i n s t r u m e n t .  A t y p i c a l  example i n v o l v e s  r a p i d  
e n e r g y  s c a n s  from 20 keV t o  2 keV a t  one s e l e c t e d  mass.  Here r h e  
e n e r g y  would be s t e p p e d  e x p o n e n t i a l l y  and t h e  magnet c u r r e n t  would 
t r a c k  one p a r t i c u l a r  mass s p e c i e s .  The.maximum s c a n  r a t e  h e r e  would 
be de te rmined  by t h e  maximum a l l o w a b l e  magnet d I / d t .  The m a g n e t i c  
f i e l d  c u r r e n t  s u p p l y  w i l l  be  d e s i g n e d  t o  c o m p l e t e  one s c a n  i n  
50 ms. 

A second  mode o f  o p e r a t i o n  c a l l s  f o r  t h e  s c a n n i n g  o f  a 
two-dimens ional  m a t r i x  i n  e n e r g y  and momentum s p a c e .  I n  t h i s  mode 
t h e  magne t i c  f i e l d  would remain  f i x e d  a t  a  number o f  s t e p s  a s  t h e  
e n e r g i e s  a r e  scanned .  The maximum s c a n  r a t e  i s  t h e n  d e f i n e d  by 
t h e  C . P . E . A .  h i g h  v o l t a g e  s u p p l y  r i s e  t ime  which  w i l l  be  2 m s .  
A s  an  example an 8 x 8 e n e r g y  momentum a r r a y  may b e  measured i n  
% Z O O  ms. I n  many i n s t a n c e s  t h e  a c t u a l  d w e l l  t i m e s  on e a c h  e l e m e n t  
i n  t h e s e  a r r a y s  w i l l  be  d e t e r m i n e d  by t h e  r e q u i r e m e n t  f o r  s t a t i s -  
t i c a l  a c c u r a c y  r a t h e r  t h a n  t h e  i n s t r u m e n t  c a p a b i l i t y .  

A c r u d e  s m a l l  s c a l e  model o f  t h e  i n s t r u m e n t  was b u i l t  
and t e s t e d  a t  t h e  NRC l a b o r a t o r i e s .  A s c a n  o f  2 keV beam emerging  
from t h e  ~ e +  i o n  s o u r c e  i s  shown i n  F i g u r e  3 .  T h i s  f i g u r e  dernon- 
s t r a t e s  some o f  t h e  s t r e n g t h s  o f  t h e  sys t em a s  w e l l  a s  t h e  p rob lems .  
We f i r s t  n o t e  t h a t  t h e  h a l f  w i d t h  o f  t h e  fie+ peak ( 0 . 0 4 )  i s  w e l l  
w i t h i n  s p e c i f i c a t i o n  f o r  s i n g l e  e l emen t  d e t e c t i o n  a t  t h e  f o c a l  
p o i n t .  The  pe peak i s  due t o  c o n t a m i n a n t s  i n  t h e  s o u r c e .  We 
a l s o  n o t e  t h a t  t h e  background i s  down by a t  l e a s t  l o " '+  o f  t h e  peak 
which i s  e s s e n t i a l  f o r  t h e  m i s s i o n .  

The problem a r e a  l i e s  i n  t h e  low mass t a i l  o f  t h e  d i s -  
t r i b u t i o n  which r e s u l t s  m o s t l y  from i n h o m o g e n e i t i e s .  i n  t h e  magne t i c  
f i e l d .  T h i s  problem w i l l  be c o r r e c t e d  i n  t h c  f l i g h t  u n i t  by mag- 
11cti.c f i c l c l  t r imrni r~g .  Sm;l l l  :111j:lc s ~ - ; \ t t c > l - i l ~ g  111;ly a l s o  be 3 p r o -  
blem a n d  will 1)c rn i~ l i in iz rd  b y  more c a l - c f u l  I ) r ~ f f  l i n g  tila11 p r e s e i i t  
i n  t h e  model.  



Many applications for the instrument require pointing 
capability, therefore it is proposed that the instrument be mounted 
on a small, modest accuracy, instrument pointing system. The 
Spacelab computer will be used in conjunction with the output 
from the magnetometer sampling the ambient field to either monitor 
or actively point the mass spectrometer. 
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SECTION V I  I. SPACE EXPERIMENTS WITH 
PART1 CLE ACCELERATORS (SEPAC) 





SPACE EXPERIMENTS W I T H  P A R T I C L E  ACCELERATORS 

S E PAC 

STATUS REVIEW 

SEPTEMBER 23, 1 9 8 0  



SEPAC DEVELOPMENT RESPONSIBILITIES 

INSTITUTE OF SPACE AND AERONAUTICAL SCIENCE (ISAS), UNIVERSITY OF TOKYO 

ACCELERATOR SYSTEMS 

- ELECTRON BEAM ACCELERATOR 

- MAGNETO PLASMA DYNAMIC (MPD) ARCJET 

e DIAGNOSTIC SYSTEMS 

- DIAGNOSTIC PACKAGE 

- MONITOR TELEVISION 

e POWER SYSTEMS 

- BATTERY AND CHARGER 

- H I G H  VOLTAGE CONVERTER 

MARSHALL SPACE FLIGHT CENTER 

r DEDICATED EXPERIMENT PROCESSOR 

INTERFACE UNIT 

I @ CONTROL PANEL 

0 ALL FLIGHT SOFTWARE 



SEPAC OPERATIONS 

8 AUTOMATED EXPERIMENTS (UNDER DEP COMMAND CONTROL) 

- 21 INDIVIDUAL EXPERI&NT ELEMENTS 

- EACH EXPERIMENT MAY HAVE PARAMETERS MODIFIED BEFORE THE EXPERIMENT OPERATIONS 
ARE BEGUN (E . G. , PITCH ANGLE, CURRENT, ACCELERATION VOLTAGE, PULSE DURATION 
PULSE INTERVAL) 

- TOTAL OF 50 PARAMETERS FOR EACH EXPERIMENT 

- PAYLOAD CREW PERFORMS ALL PARAMETER CHANGES 

- PAYLOAD CREW MONITORS STATUS OF ALL SEPAC INSTRUMENTS 

- PAYLOAD CREW I S  INVOLVED IN THE EXPERIMENT PERFORMANCE THROUGH DATA DISPLAYS 

e GRAPH1 C DISPLAY OF SAMPLE FROM DIAGNOSTIC INSTRUMENTS 

e TELEVISION MONITOR 

SEPAC MANUAL OPERATIONS (SMO) 

- PAYLOAD CREW MAY CONSTRUCT OTHER EXPERIMENTS USING SMO 

- THE SMO IS PRIMARILY USED TO PERFORM TEST OPERATIONS PRIOR TO EXPERIMENT OPERATIONS 

- THE SMO ALSO PERMITS OTHER EXPERIMENTS TO BE PERFORMED USING FEATURES SUCH AS 
EBA BEAM MODUL? ::ON (1 kHz or 5 kHz) 

- THE SAME DATA DISPLAYS ARE AVAILABLE TO THE PAYLOAD CREW AS DURING AUTOMATED 
OPERATIONS - PAYLOAD CREW SELECTS SEPAC MODE OF SMO BY SETTING UP TO 25 SELECTABLE PARAMETERS 



JOINT EXPERlMENTS ON THE FIRST SPACELAB MISSION 

AEPI - THIS INSTRUMENT IS USED TO OBSERVE THE HIGH POWER EBA AND 
MPD FIRINGS (HARD MIRE LINK BETWEEN EXPERIMENTS) 

IS0 - THIS INSTRUMENT ALSO OBSERVES HIGH POWER EBA FIRINGS (PASSIVE 
COORDINATION) 

ES019 - OBSERVES EBA INDUCED EFFECTS WHEN FIRINGS OCCUR (HARD WIRE 
LINK BETWEEN EXPERIMENTS) 

ES020 - SEPAC IS USED IN A DIAGNOSTIC MODE TO OBSERVE E-8EAM FIRINGS 
BY ES020 



SEPAC System Configuration 
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.. . . . 'mcol Ex~erlmenta . .  
1) Low Power Electron ~ e a i  Experiment (FO-5) rn a 

- I. t 
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9 
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- n I * . .  . - 200 n mA . ' r l  n 

(Beam Energy l . 

raeam current) 1 50 ntA n I I  I I  - I I  I I  It I 1  I 
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* 

keV 
2' keV 

I r 3 k v  

. v 3 
i l l  High Power Electron Beam Experiment (FO-9 (A-5a)) 

(Beam Energy) 

( ~ e o m  Current 1 



operat ion (Functional Object ives) 

F,O,-1 T-0 SEPAC System Checkout 

2 T- 1 EBA F i r i n g  Test (Level I )  

3 T-2 MPD F i r i n g  Test 

4 T-3 EBA F i r i n g  Test (Level 11) . 
5 A- 1 Electron Beam Experiment 1 

(Low Power (1 - 5 keV),CW and Pulse)-  

A-2 Electron Beam Experiment 2 

(Low Power (1 - 5 keV) jEBA/NGP) 

A- 3 Electron Beam. Experiment 3 

(Low Power ' (1 - 5 keV),EBA/MPD) 

A-4 Plasma Beam Propagat i on  

A-5 A r t i f i c i a l  Aurora Exc i t a t i on  

(High Power (3-7.5 keV) 0.5 sec ON 1.5 sec 
OFF 3 pulses i n  ser ies Every 15 sec, 
EBA/MPD/NGP 

10 A-6 Equatori.al Aerochemist ry  

11 A- 7 Electron Echo Experiment 

(High Power (7,5 keV, 1.6 A )  0.5 sec ON/ 
Every 15 sec, EBA/MPD) 

12 A- 8 E//B Experiment 

(High Power (1  - 7 keV, 0.08 - 1 , O  A,):.--- '  - 

100 msec/Every 1 sec) 

13 P- 1 Passive Experiment 

14 
' , 

P-2 ; ~ o s s i v e  Experiment (1ES020 Support) 

15 CFR : SEPAC Systenl Deact ivat ion I I 

I 

16 CHG Battery Charging 



S E P A C 'Cha'racteris'tics 
Electron Beam Accelerator (EBA) 

Beam Energy : 0 - 7.5keV 

Beam Current : 0 - 1 , 6 A  

Pulse Width : 1 msec - 1 sec (High power) 
1 msec - CW (Low Power) 

Magneto - Plasma - Dynamic Arc je t  (MPD) 

Energy Stored 

Discharge Pulse Width 

No, o f  Ion / electron p a i r s  ./ shot' 
Repetition. 

Gas 

Neutral Gas Plume Generator (NGP) 

1 msec 
1 0lg/shot*. 

15 sec 
Arson 

Gas Ni t rogen 



SECT1 ON V I  I I , THEORETICAL AND EXPERIMENTAL STUDY 
OF BEAM PLASMA PHYSICS (TEBPP) 





TEBPP 

THEORETICAL AND EXPERI  MENTAL S T ~ J D Y  OF BEAM-PI ASMA-PHYS I C S  

l NVEST I GATORS 

HUGH R. ANDERSON, P O I  - R I C E  U N I V E R S I T Y  

COLLABORATION W I T H :  

A .  KONRADI '  - JSC 

R. J e  JOST - JSC 



TEBPP 

SCIENTIFIC OBJECTIVE -- To UNDERSTAND Q U A N T I T A T I V E L Y  THE l NTERACTI  ON OF AN 

ELECTRON BEAM (0-10 K E V ,  0-1-5  A M P )  W I T H  THE P L A S M A  AND NEUTRAL ATMOSPHERE 

AT 200-400 KM ALTITUDE* 

I NEAR ELECTRON GUN; BEAM COMING INTO EQUILIBRIUM W I T H  MEDIUM 

I I *  EQUILIBRIUM P R O P A G A T I O N  I N  IONOSPHERE 

111.  AHEAD OF BEAM PULSE; TEMPORAL AND S P A T I A L  P R E C U R S O R S  

I V .  BEHIND A BEAM PULSE 

W H I L E  R E G I O N  11 I S  OF THE G R E A T E S T  I N T E R E S T ,  I T  I S  E S S E N T I A L  TO STUDY 

R E G I O N  I B E C A U S E  IT DETERMINES THE C H A R A C T E R I S T I C S  OF THE BEAM A S  I T  

ENTERS 1 1 - I V *  



TEBPP 

SPEC I F I CALLY I N THE REG I O N S  

REGION I - W H A T  A R E  MECHANISMS FOR CHARGE AND CURRENT NEUTRALIZATION 

- OF I N J E C T E D  BEAM? 

- OF ACCELERATOR AND S P A C E C R A F T ?  

- I s  BEAM PLASMA DISCHARGE (BPD) AN IMPORTANT MECHANISM? 

WHAT A R E  DIMENSIONS OF THE REGION? 

How I S  BEAM HEATED BY BPD AND ALTERED BY CHARGING? 

REGION I 1  - QUANTITATIVELY WHAT IS 

VELOCITY RED1 S T R I  B U T I O N  OF BEAM PARTICLES? P L A T ~ A U ?  

ALTERATION OF AMBIENT PLASMA DENSITY AND TEMPERATURE? 

PRODUCTION OF E-s AND E-M WAVES? 

PRODUCT I ON OF L I GHT? 

REGIONS I I I  AND I V - W H A T  ARE CHARACTERISTIC TIMES FOR THE ABOVE EFFECTS? 

ARE THE REGIONS A GOOD ORDERING OF THE PHENOMENA? 



TEBPP 

IMPLEMENTATION 

THEORETICAL STUDIES 

ANALYT ICAL  AND NUMERICAL S IMULATION OF PHENOMENA SHOULD P R O V I D E  

MODELS THAT P R E D I C T  Q U A N T I T A T I V E L Y  

DES I GN PARAMETERS FOR E X P E R I M E N T S  

INTERPRETATION OF DATA 

EXPERIMENTS -- MEASUREMENTS 

ROCKET-BORNE 

SCEX -- CARRYING ON ELECTRON GUN; KELLOGG I S  P O I  1980-1981 

P A S S I V E  AURORAL PLASMA;  A N D E R S O N  I S  P O I .  1980-1982 

E B, NRC; B E R N S T E I N  AND WHALEN 1978; 1979 

LABORATORY 



TEBPP 

M I S S I O N  MUST C A R R Y  

ELECTRON ACCELERATOR 
SEPAC 

N E U T R A L  GAS SOURCE 

I M A G E R  LLLTV 

WE B U I L D  T H E S E  D t A G N O S T I C S  

PLASMA WAVE R E C E I V E R  (E AND B )  -- KELLOGG 
N .y 

10 Hz ( F < 20 MHz 

THESE A R E  TO BE MOUNTED ON THE RMS OR A FREE-FLYER TO S C A N  ALONG AND 
R A D I A L L Y  FROM T H E  B E A M *  

W E  WILL A L S O  C O N S I D E R  O P T I C A L  AND E-M W A V E  M E A S U R E M E N T S  FROM S E L E C T E D  
GROUND S I T E S *  



TEBPP 

. ELEC 

SCAN IN R E G I O N  I -- a 

- S C A N  END OF I -- a = 1  

SCAN R E G I O N  1 1  -- 1- 

K WAVES 
Cy 

CHARACTERISTIC 
RADIATION 

TRON BEAM 

POSS 1 B L E  GROUND STAT I ON 

y 
8 % - 



TEBPP 

CLOSELY RELATED EXPER I MENTS AND FAC I LIT I ES 

SEPAC 

LLLTV 

MM P 

PDP 

STSS 

W I S P  



TEBPP 

GEOMETRY OF LAB EXPERIMENTS 

THE ELECTRON DETECTOR I S  
F I X E D  IN T H E  CENTER OF THE 
T A R G E T *  

THE BEAM IS M O V E D j  
CHANGING R ,  BY DRIVING THE CART 
O N  THE F L O O R *  

THE A N G L E S  a, a INJ, C A N  B E  
INDEPENDENTLY V A R I E D *  

O T H E R  P R O B E S  A N D  A N T E N N A S  
A R E  L O C A T E D  B E T W E E N  GUN AND 
TARGET AT V A R I O U S  V A L U E S  O F  R *  



TEBPP 

GEOMETRY OF LAB EXPERIMENTS 

I 
i THE ELECTRON DETECTOR I 

F I X E D  IN THE CENTER OF THE 
T A R G E T .  

THE BEAM I S  MOVED, 
CHANGING R j  B Y  DRIVING THE C 
ON THE F L O O R *  

THE ANGLES U J  aINJ, CAN 
INDEPENDENTLY V A R I E D *  

O T H E R  P R O B E S  AND ANTENN 
A R E  LOCATED B E T W E E N  GUN AND 
TARGET A T  V A R I O U S  VALUES OF 

ART 

B E  



TERPP 

P = 7 x 10-6 

B = 1.2 G 

V, = 2000 VOL 

I = 25 MA 

O B L I Q U E  INJEC 

T O R R  

.TS 

:TION, 



TEBPP 

P = 7 X TORR 

B = 1.2 G 

V, = 2000 V O L T S  

I = ~ M A  

PARALLEL INJECTION,  alNJ = 180"  



TEBPP 

P = 7 X TORR 

B = 1.2 G 

V, = 2000 V O L T S  

I = 40 MA 

P A R A L L E L  I N J E C T I O N ,  a 
I N J  



TEBPP 

P = 7 X T O R R  

R = 1.2 G 

V, = 2000 VOLTS 

I = 70 MA 

P A R A L L E L  INJECTION,  alNJ = 1 

FCJLL BPD 



-- - 
ELECTRON ENERGY, keV 

TEBPP 

P = 3 X TORR 

B = 1.2 G 

V, = 1850 VOLTS 

I A S  G I V E N ,  BPD AT 80 MA 

4 = 125' ( M A X I M U M  FLUX)  

a = 180' 
INJ 

R = 2.0 n 



4 little flicker 

TEBPP 

P = 7 X TORR 

B = 1.2 G 

VG = 2100 VOLTS 

1 AS GIVEN, BPD AT HIGHER I 
a = 180' 

a = 180° I N J  

R = 0.9 n 

ELECTRON ENERGY, keV 



TEBPP 

COMMENTS ON PARTICLE MEASUREMENTS 
-R/R* 

DEPENDING ON ENERGY, FLUX = E WITH R~ - 04 M. 
W E  PRESENTLY HAVE NO DATA AT ENERGIES BETWEEN " 10 EV (IONIZATION 

POTENTIAL)  AND - 200 EV 

ENERGIES BETWEEN 200 EV AND VGUN ARE RELATIVELY MORE POPULATED IN BPD 

FOR L A R G E  R AND a < 180'. 

A P A R T I C L E  DETECTOR MOUNTED ALONGSIDE THE GUN LOOKING AT a = 0' SAW 

ONLY A FEATURELESS ENERGY SPECTRUM. CLEAR EVIDENCE OF BPD IS NOT SEEN IN 

THESE SPECTRA 

PRELIMINARY MEASUREMENTS INDICATE THAT THE BPD MAY REQUIRE SEVERAL MSEC 

TO DEVELOP, DEPENDING ON THE RATIO I / I C ,  AND N E *  



TEBPP 

G R A D  I ENTS OBSERVED IN V A R I O U S  PARAMETERS 

PARAMETER E ' F O L D I N G  DISTANCE 1 TO B E A M  E-FOLDING DISTANCE # TO BEAM 

PLASMA DENS I T Y  2.0 M 

E N E R G E T I C  P A R T I C L E  

FLUX 

ELECTR I c F I E L D  

STRENGTH 



TEBPP 

F I G U R E  1. BPD I G N I T I O N  

OCCURS " 5 MS AFTER 

INITIATION OF PULSE. 

P U L S E  W I D T H  = 30 MS. 

I N T E R P U L S E  P E R I O D  = 400 M S  



TEBPP 

B P D  IGNITION O C C U R S -  





SECTION I X .  WAVES I N  SPACE PLASMAS (WISP) 





WAVES IN SPACE PLASMAS 

PRESENTATION TO 

- .  

SPACE PLASMA PHYSICS ACTIVE - 
- ------- - 

EXPERIMENTS WORKING GROUP 

R.W. FREDRICKS WISP P.I. 



VLF HAVE INJECTION EXPERIMENTS 

a VLF WAVE-PARTICLE I N T E R A C T I O N S  

SYSTEMS 
GROUP 
RESEARCH 
STAFF 

VLF PROPAGATION 

TRAVELING I O N S P H E R I C  DISTURBANCES AND' ATMOSPHERIC 
G R A V I T Y  WAVES . 

I W I S P  SCIENCE OBJECTIVES 
* 

.- - --.- 

HF, VHF REMOTE SOUNDING 

IONOSPHERIC BUBBLES 

HF, VHF REMOTE SOUNDING AND PROPAGATION 

W I S P - ~ O  

rR&f/jif 
~ A m ~ S # T . ~ ~  

PLASMA W A V E  PHYSICS 

L I N E A R  AND NON-LINEAR PLASHA PHYSICS IN SPACE 

ANTENNA-PLASMA INTERACTION STUDIES 



. t . v 
NASA HQ. 
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l L 
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CI 
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SPPO/WISP 
Wastigabon Marugu 

WISP I r v ~ ~ Q l  wd?!m rgreom4M t t 
- * d 

1 t 
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- -  - Prbciprl hvestigator Canadian P.I. 

(-j J r 1 
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Project Mgr. Contract8 Support 
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7RU . -Taylor (RPDP Co-I) 

SYSTEMS 
GROUP 
RESEARCH 
STAFF 

-plasma wave physics and wave/partlcte Interactions 

STANFORD - He1 1 lwell and Katruf rakf s 

- V L F / E l F  wave propagrtlon and wave/partlcle fnteractlons 

U of IOWA - Shauhrn (RPDP P i  I.) 

* 

WISP DEBIHITION PHASE 

CQ-INVESTIGATOR RESPONSIBILITIES 

-plasma wave physics  and wavc/partlcla interactions 

TRpfl 
~ A a D ~ m f P r c W ~  

NASAIHSFC - Reasoner (RPDP Co-I) 
-plasma dfrgnostics & wrve/portlcle Interact Ions ' 

PINY - Cross - 
-Traveling fonospherlc dfoturbohces and grav i ty  waves 

-Equatorial bubbles end plasma wave physics 

SAO - Crossi - 
HF 6 VHF wave propagation and traveling lonospherlc disturbances 

NASA/JSC - Csrrtott  

-antenna impcdcnce and wavcBparttcla tntoractlons 

- .  -equotortal bubbles on8 sfnul~onoaus ground-bosod rJ$asurments 

-plasm wave physics i n  HF regime 
:CORE ml rroprocessor do91 n l  t i  on * 



PHASE I1 I 

TR 
MFfNY A m  SPACE SYSTEMS 

SYSTEMS 
W I S P  

GROUP WISP PROJECT 

PHASE 0 PHASE I PHASE I #  - ----- - \ 
> 

Z 
r J 0 * 
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a - 3  a v 

1 
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OETAI LED o w  +- Q: 
HANUFACTURE 4- TEST 1 Z l NTEGRAT I ON - W 

E 
Z W  

a: t 6 k- 
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I- 1 
LL 
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RESEARCH 
STAFF 

I PHASE I V  

LIFE CYCLE 

- + SCIENTIFIC 
REQU I REMENT - 2 REQUIREMENT 

PREL l II t NARY - I; DES l GN 
A 1 DEFINITION 
W 1 - W 

z 
4- 
V) 

I - .  - - 

V) U 
V) e 

PROPOSAL 

FL I GHT 
La: 
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SYSTEMS 
WISP EQUIPMENT 

Date (Calendar year) - 
Quarter 

Equ ipmen t 

GROUP 
RESEARCH 

I STAFF 

CORE (comnon Operat lng Res 'ch Equlp.) 
VLF Transmitter Subsystan 
Extendible ~ n t c n n i '  - 
Recoverable P l a s m  Dfagnortfcs 

Package (RPDP) 
Phase 1 RPDP lnstrumentrt ion2 
HF Sounder Receiver 
HF Sounder ~ u b s ~ s t e m '  
Phase 2 RPDP ~nstrumentat ion6 
Special  Display I Analysis Equip. t 
t o w  Light  Level  f V  
VHF Sounder S u b s y s t m  
Power Anpl i f  i e r ,  20-40 db gain, 

150-350 HHz 
Loop Tran sm f t t i ng An tenna 
Tether System (conducting tether  wike) 

I m 

Fl  ight 

FOR FIRST FL~GHT 

. - -.------ 
t 300 m t i p - t o - t i p  maxlmun length dipole pointed in t Yodirectfons. 

Step frequency receiver, electric f i e l d  antenna. magnstlc f i e l d  antenna 
p ion retarding potent 1.1 analyzer. L i n g m l r  probe, ion m s s  
spectrometer, 

On Spacelab. 
4 On RPDP 

f On Spacelab 

T&&$f!jf 
~ C C W  M w t 4 u s v s r - W  

. lnstrvmentatlon added to  RPDP: s t e p  frequency receiver. correlator, I l ~ a r  
receiver. 2 e lect r ic  f l c l d  antennas, 2 magnet i s  f ield antennas (loop), 
qu.drl.pherfc.1 1- energy proton and electron 4I f forent ia l  emrgy 

7 
on& 1 yzer. 

Spectrum analyzer and osellloscopo w i t h  Z oodulatlql and variable prrs!stonu. 
- - - -  - - .  



NOMINAL SUBSYSTEM SIZES ' 

AS OF DEC 22.1979 

DYNAMIC LIMIT 

VHF TRANSMITTE 12 PALLET OEEP 
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BAS I C ANTENNA 

- Bf-Stem by Astro 

- Nomlnal length- 300 m ttp-to-tip 

TRADEOFF STUDY REQUIRED 

- Three options Identified 

-Bare B i - S t e m  from bay 

SYSTEMS 
GROUP 
RESEARCH 
STAFF 1 

-0;-Stem w i t h  insulating sleeve from bay 

-Bare 01-Stem from Astromast 

- Analysis Required 
-Dynam i cs 

-1herma l 

-Electrfcal 

-Safety - Decision by end o f  Phrso 1 

STORAGE SPOOL 

WISP DEFINITION PHASE 

ANTENNA DES I GN 
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FUNCT 1 ONS 

e MECHAN I CALLY HOLDS D I POLE ELEMENTS 

@ PLACED HIGH IN BAY TO EXTEND ELEMENTS OVER BAY DOORS 
. . 

a ELECTR ICALLV I S3LATE ELEMENTS AND GROUND 

PROBLEMS 

Q CONFI2UZACiJN -- MAST NEEDED? 

a RADIATED MI -- EXSMPTIO;~ NEEDED? 

Q DYNAMICS -- STUDY NEEDED (BY MSFC)? 
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VLF HAVE INJECTION EXPERIMENTS 
8 

a VLF WAVE-PARTICLE INTERACTIONS. 

a YLF PROPAGATION 

T R A V E L I N G  IONSPHERIC D i S T U R B A i i C E S  AND ATKOSPHERIC 
G R A V I T Y  W A V E S  

e HF,  V2F REMOTE SOUNDING 

IQl43SPHERf C B U B B L E S  

HF, VHF REMOTE SOUNDING AND PROPAGATION 

PLASMA W A V E  P H Y S I C S  

LI:iEAX AHD ;i3?i-LI1EAR ? i A S i A  PHYSICS IN SPACE 



S1GNAL TRANSMISSION FROM SPLE VLF TRANSMmER 
5 

SIPLE StGNAL RECENED ON !SEE- I ,  1338:40, JULY 27, 1979 
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UNDERSTAND CONTENT REQUIRED 

UNDERSTAND FO SCIENTIFIC REQUIREMENTS 
REDUCE TO COMMON FORMAT 

HARDWARE 

a DESCRIBE WISP SUBSYSTEM CONCEPTS 

~ I I E C Y S E A A W S M C Z ~ ~ ~  

SYSTEMS 
GROUP 
RESEARCH 

DESCRIBE OTHER INSTRUMENTATION 

STAFF 

FUNCTlONAL OBJECTIVES AS REQUIRED BY ERD 

FIRST TEAM MEETING 

OBJECTIVES 

ANTENNA IMPEDANCE 

a REVIEW 'AND DISCUSS QUESTION 

INTERFACES 

e DISCUSS CONCEPTS AND OPTIONS 
MAKE DEClSIONS OF PHILOSOPHY 



FO No. - 
FO 1 

FO 2 

FUNCTIONAL OBJECTIVES - OUTLINE 

CATEGORY, NUMBER, TITLE, AUTHOR/RESPONSIBILITY 

CATEGORY I - ENGINEERING [FO 1-91 

Short T i t l e  

System Conf igura t ion  and A c t i v a t i o n  

Au tho r /Respons ib i l l t y  

TRW 

System Checkout ( a l l  WISP Systems ON except TRW, C o l l  ins,  Spar 
H.v.) 

VLFSS Checkout (Fo 2, except VLFSS H.F. ON and Col l i n s  
t r a n s m i t t e r  power dumped t o  .antenna s imula tor )  

HFSS Checkout (FO 2, except HFSS H.V. ON and Spar 
transmi t t e r  power dun\ped t o  antenna s imula tor )  

Antenna extension o r  r e t r a c t i o n  TRW, HSFC 

VLFSS In te r fe rence  Tests (FO 3, except power C o l l i n s ,  TRW 
t o  antenna) ; secondary ob jec t  i ve  : measure 
Z A P  propagat ion 

HFSS In te r fe rence  Tests (FO 4, except power t o  Spar 
antenna) ; secondary o b j e c t i v e :  measure 
Z propagat i on  A 

Antenna D e f l e c t i o n  Determinat ion G a r r i o t t ,  TRW 

Standby Procedure TRW, C o l l i n s ,  Spar 

CATEGORY I I - VLFSS, WAVE PARTICLE l NTERACTIONS IFO 10-191 

Survey o f  Growth and T r igge r ing  Stanford 

De ta i l ed  P rope r t i es  o f  Tr iggered Emissions Stanford  
( 3  o r  4 p a r t s )  

Power L ine  Rad:at ion S imula t ion  Stanford  

Induced P a r t i c l e  P r e c i p i t a t i o n  Stanford  

TBD Stanford, I n v e s t i g a t o r s  

CATEGORY I l l  - VLFSS, WAVE PROPAGATION [FO 20-291 

D ipo le  Rad ia t ion  Pa t te rn  f o r  C h a r a c t e r i s t i c  Wave James 
Bodes; 1 - Wh is t l e r  Mode 

' Stanford,  I n v e s t i g a t o r s  



CATEGORY I I I (Cont ' d )  

Fie ld -A l igned VLF Ducts; (a) Siple-to-WISP and Stanford 
(b) WISP-to-Siple 

WISP-to-Ground Beacon Mode Stanford  

Plasmapause VLF Propagation Stanford  

CATEGORY I V  - VLFSS PLASMA PHYSICS [FO 30-391 

Auroral  K i l o m e t r i c  Rad ia t ion  Stanford  

TBD Stanford,  I n v e s t i g a t o r s  

CATEGORY V - VLFSS, RESERVED [FO 40-491 

TBD, Reserved f o r  VLFSS Stanford, C o l l i n s ,  TRW, 
I n v e s t i g a t o r s  

CATEGORY V I  - HFSS, LARGE-SCALE STRUCTURES [FO 50-69) 

Determine the f i e l d - a l i g n e d  e l e c t r o n  dens i t y  
d i s t r i b u t i o n  from ducted echoes 

Benson 

Ben son Determine the length  and s t a b i  l i t y  o f  f i e l d -  
a l igned bubbles by ob ta in ing  nea r l y  cont inu-  
ous conjugate echoes w h i l e  i n  a duc t i ng  reg ion  

Determine t ransverse s i z e  o f  dens i t y  i r r e g u l a r i -  
t i e s  w i t h i n  a bubble by ob ta in ing  m u l t i p l e  
near-end ducted echoes 

Benson 

Determine the e l e c t r o n  dens i t y  a t  the  apex o f  a 
f i e l d - l i n e d  dens i t y  i r r e g u l a r i t y  by o b t a i n i n g  
2-mode ducted echoes. 

Determine the ex tent  o f  the bottomside dens i t y  
dep le t i on  from ground echoes 

Benson 

Determine the changes i n  the  t o t a l  e l e c t r o n  
dens i t y  content between Spacelab and the 
s u b s a t e l l i t e  as a bubble reg ion  i s  t ransversed 

Bensm 

Bensm 

Benson 

Determine background n e u t r a l  temperature, compo- 
s i t i o n ,  and wind as w e l l  as background plasma 
temperature, composit ion and d r i f t s .  

Determine AGW and T I0  wave c h a r a c t e r i s t i c s ,  i . e . ,  
wave ampli tude, phase, angular  frequency, and 
wave vec to r  



CATEGORY V I (Cont 'd) 

Study the  interdependence o f  AGW's and TID's @ Bensan 

Study the source regions of the AGW's and T ID 's  Benson 
f ran  among the sources: magnetosphere, 
au ro ra l  region, equa to r i a l  region,  s t ratosphere-  
mesosphere, and troposphere 

Equa to r i a l  Bubbles, Spread F, HF Ducts and Dy son 
S c i n t i l l a t i o n  

Small Amplitude D isc re te  I r r e g u l a r i t i e s  a t  Dy son 
the  Equator 

Grav i t y  Waves and TID's (HFSS, VHFSS) Dyson 

Mid-Lat i tude Spread F (VHFSS) Oy son 

Measurement o f  Large-Scale Wave St ruc tures  Gross 
i n  the Ionosphere 

Large-Scale Disturbance St ruc tures  Gross 

Re la t ionsh ips  between Wave St ruc tures  and Gross 
Fie ld-A1 igned I r r e g u l a r i t i e s  

Source Regions f o r  Large-Scale St ruc tures  Gross 
' a  

TBD HF I n v e s t i g a t o r s  

CATEGORY V I I - HFSS, WAVE PROPAGAT ION [FO 70-891 

Determine the  resonance cone s t ruc tu res  i n  the Benson 
antenna r a d i a t i o n  p a t t e r n  as a func t i on  o f  
antenna l eng th  

Determine the  c h a r a c t e r i s t i c s  o f  the ionospher ic  Benson 
i r r e g u l a r i t i e s  t h a t  g i v e  r i s e  to  the  g rea tes t  
s c a t t e r i n g  of w h i s t l e r  and Z-mode s igna l s  

Determine the  optimum duc t i ng  cond i t i ons  f o r  Benson 
X, 0, 2 ,  and w h i s t l e r  mode s igna l s  

Determine the e f f i c i e n c y  o f  wave mode coup l ing  Benson 
between the Z and 0 modes 

Propagation o f  Plasma Waves (HFSS) Tay 1 or 

TBD HF I n v e s t i g a t o r s  

CATEGORY V l  l l - HFSS, PLASMA PHYSICS [FO 80-109) 

Determine the c h a r a c t e r i s t i c s  o f  the  fH resonance Beoron 
as a f u n c t i o n  o f  s t i m u l a t i n g  cond i t i ons  



CATEGORY V I I I (Cont 'd) 

I d e n t i f y  non l inear  wave processes i n c l u d i n g  i o n  
modulat ion e f f e c t s  on e l e c t r o n  plasma waves 

Benson 

Benson Determine the s t a b i l i t y  o f  nf,, waves 

Ben soh 

Benson 

Determine the domain o f  s t imu la ted  temperature 
an i so t  rop i es 

I s o l a t e  non l inear  plasma wave processes from 
instrumental  e f f e c t s ,  plasma sheath e f f e c t s  
and o the r  spacecraf t  plasma pe r tu rba t i ons  

l d e n t i f y  the  cause o f  the " f l o a t i n g "  na ture  o f  
sane resonances 

Benson 

Benson Expla in e l e c t r o s t a t i c  wave propagat ion phenomena 
such as the disappearance o f  the 3 f H  echo when 
fN/fH = 4 

Determine the e l e c t r o s t a t i c  t o  e lectromagnet ic  
f r a c t i o n  o f  energy emi t ted  f r a n  the antenna 
under d i f f e r e n t  resonant cond i t i ons  

Benson 

Determine electron-beam wave genera t ion  i n  
ambient plasma f o r  beam propagat ion quas i -  
p a r a l l e l  t o  magnetic f i e l d  

Benson 

Determine electron-beam wave genera t ion  i n  
ambient plasma f o r  beam propagat ion quasi-  
perpendicular  t o  magnetic f i e l d  I 

Benson 

Benson 

Benson 

Determine electron-beam wave genera t ion  i n  
ambient plasma f o r  beam ob l i que  propagat ion 

Determine electron-beam wave generat ion i n  
ambient plasma d r i v e n  t o  h igh  an iso t ropy  
l e v e l s  by HFSS/VHFSS f o r  beam propagat ion 
q u a s i - p a r a l l e l  t o  magnetic f i e l d  

Determine electron-beam wave genera t ion  i n  
ambient plasma d r i v e n  t o  h igh  an iso t ropy  
l e v e l s  by HFSS/VHFSS f o r  beam propagat ion 
quasi-perpendicular  t o  magnetic f i e l d  

Benson 

Determine electron-beam wave genera t ion  i n  
ambient plasma d r i v e n  t o  h i g h  an iso t ropy  . 
l e v e l s  f o r  ob l i que  beam propagat ion 

Benson 

Linear lmpedance Dependence on D ipo le  Length Balmain 

Balmain L inear lmpedance Dependence on D ipo le  Or ienta-  
t i on  

L inear lmpedance Dependence on D ipo le  D.C. 
Bias 

Balmain 

Nonl inear lmpedance Cependence on CW Power 
Leve 1 

Balmain 



~ CATEGORY V l l l  (Cont 'd) 

L inear  CW Near-Fie ld Evo lu t i on  w i t h  Distance Balmain 

Nonl inear CW Near-Fie ld Evo lu t i on  w i t h  Distance Balmain 

Resonance Sounding James 

Resonance I n t e r a c t i o n s  using RPDP Diagnost ics Reasoner 

Stochast ic  Heating o f  Plasma and Nonl inear Reasoner 
E f fec t s  near the Antenna using RPDP 
Diagnost ics 

TBD HF I n v e s t i g a t o r s  

CATEGORY I X - HFSS, RESERVED [FO 1 10- 1291 

TBD, Reserved I n v e s t i g a t o r s  

CATEGORY X - VHFSS, GENERAL [FO 130-1391 

FO 130 VHF Determinations o f  Coupled Neutra l  and Grossi,  Gross 
Ionospheric Turbulence 

FO 131 See FO 62 

FO 132 See FO 63 

CATEGORY X I  - MISCELLANEOUS [FO 140-149) 

FO 148 System A c t i v a t i o n  

FO 149 Conf igura t ion  f o r  Return ' 

TRW, C o l l i n s ,  Spar 

TRU, C o l l i n s ,  Spar 

TRW, C o l l i n s ,  Spar 
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WISP DEfINlTiON PHASE 

WISP SCIENTIFIC OBJECTIVES: 

-depend on energizing antenna to  high voltages 
' 

-study of  the plasma response and loading 

PREVIOUS DISCUSSIONS: 

-Bob Blount/JSC 

-narrow band cmlrsions higher than spec are requlred by YlSP 
.. 

PROBLEM: 

-fear that  Induced vol tager or currents will a f f e c t  avionlcs 

SOLUTI ON: 

-increase experimental power levels gradually and mooltor 
the rviontcs 

PROCEDtrRE: 

-request appropriate wa h e r  f ran STS operator 
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THE WISP/HF SYSTEM FOR SPACELAB 

H. C. James 

Communications Research Centre ,  Department o f  Communications, 
Ottawa, Ontar io ,  K2H8S2 Canada 

ABSTRACT 

The high-frequency p a r t  o f  t h e  Waves-In-Space Plasnas  system, WISP/W, is a 
f l e x i b l e  Shut t le /Spacelab  i n s t r u n e n t  f o r  t r a n s m i t t i n g ,  r ece iv ing  and process ing 
s i g n a l s  i n  t h e  0.3 t o  30 MHz range.  It w i l l  permit a  wide range o f  plasma wave 
experiments i n  t h e  ionosphere inc lud ing  s t u d i e s  o f  t h e  t r a n s m i t t i n g  antenna,  
fundanenta ls  o f  e lec t romagnet ic  (EM) and e 1 e c t r o s t a t . i ~  (ES) waves i n  
magnetoplasnas, i n s t a b i l i t i e s  and n o n l i n e a r i t i e s ,  and remote sounding o f  
ionospher ic  s t r u c t u r e .  Co l l abora t ive  i n v e s t i g a t i o n s  involving o t h e r  WISP 
equipnent  (e.g. antenna and propagation s t u d i e s  with t h e  WISP/VLF system) o r  o t h e r  
Spacelab f a c i l i t i e s  (e.g. beam-plasma i n t e r a c t i o n s  us ing cha rged-par t i c l e  guns) 
a r e  envisaged. A few s p e c i f i c  examples i l l u s t r a t e  t h e  re levance  o f  WISP/HF t o  
c u r r e n t  s c i e n t i f i c  i n t e r e s t .  Ihe o v e r a l l  goal  is to h e l p  b u i l d  a comprehensive 
understanding o f  p lasnaspher ic  wave physics  through group s t u d i e s .  

INTRODUCTION 

The National  Research Council o f  Canada (NRCC) has p r o p s e d  t o  supply t h e  WISP/W 
[1,2] fo r  Spacelab miss ions  to be  undertaken by t h e  National  Aeronautics  and Space 
Administrat ion (NASA). The system c o n s i s t s  e s s e n t i a l l y  o f  a  t r a n s m i t t e r  and 
assoc ia ted  phase-coherent r e c e i v e r s ,  a l l  of which a r e  c o n t r o l l e d  by a p r o g r m a b l e  
microprocessor.  Upon a s imple  command, t h e  t r a n s m i t t e r  g e n e r a t e s  s i g n a l s  with 
v a r i a b l e  frequency, l e v e l  and modulation. Frequency and m p l i t u d e  can be  swept ,  
stopped o r  held c o n s t a n t ,  and a r e  a c c u r a t e l y  know.  ?he t r a n s m i t t e r  m r k s  i n t o  a 
d i p o l e  o f  v a r i a b l e  l e n g t h  (up t o  300 m t i p t o - t i p )  and,  when matched, can d e l i v e r  
0.5 kW peak power. 'Ihe system inc ludes  one r e c e i v e r  on t h e  O r b i t e r  and another  on 
t h e  Recoverable Plasma Diagnost ics  Package (RPDP) s u b s a t e l l i t e  [3 1. Receiver 
g a i n ,  frequency and bandwidth s e t t i n g s  are a l s o  var iab le  and accurate ly  known. 

Figure 1 is one s p e c u l a t i v e  i n t e r p r e t a t i o n  of  t h e  ccmponents t h a t  w i l l  go t o  make 
up WISP/W. l'hey inc lude:  . 
1,  A dedica ted  microproces'sor-based Cont ro l l e r  permits  t h e  Payload S p e c i a l i s t  t o  
c a r r y  o u t  p r e p r o g r m e d  experiment r o u t i n e s  which a r e  s t o r e d  i n  its memory. It 
accep t s  a  s imple  command from t h e  coordinat ing  system and i n  t u r n  sends d e t a i l e d  
comnands to t h e  WISP/HF u n i t s .  It provides time-base and frequency coordinat ion  ' 

between t h e  t r a n s m i t t e r  and t h e  r e c e i v e r s ,  monitors  v a r i o u s  c i r c u i t  parameters  o r  
rece ived s i g n a l  c h a r a c t e r i s t i c s ,  and a d j u s t s  t h e  o p e r a t i n g  mode e i t h e r  by c a l l i n g  
up p r e p r o g r m e d  responses o r  by implementing changes requested by t h e  Payload 
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S p e c i a l i s t  or by Payload Operat ions Control  Centre. It d e t e c t s ,  p rocesses  and 
format:, d a t a  f o r  t h e  coord ina t ing  system and f o r  CCMS. 
2. A --- i r J e ~ c ? n c y  .-- Synthes ize r  genera tes  t h e  b a s i c  RF requ i red  i n  t h e  0.3 t o  30 MHz 
range ; 7 ~  : s t a b l i s h e s  t h e  f ixed-  o r  stiept-frequency c y c l e s .  
3. A Modulator c r e a t e s  p u l s e s  with a p p r o p r i a t e  width,  r a t e ,  shape a ~ d  coding. 

. 4. A Dr iver  produces t h e  low-level wave forms. 
5. A =Amplifier a m p l i f i e s  t h e  wave forms frcm t h e  d r i v e r  to ou tpu t  l e v e l s  
of a t  l e a s t  0.5 kW i n  t h e  pulsed mode o r  50 W CW. 
6. A Transmit-Receive % i t c h  i s o l a t e s  t h e  inpu t  o f  t h e  O r b i t e r  r e c e i v e r  frcm t h e  
Power Amplif ier  o u t p u t  dur ing  t ransmiss ion.  
7. An Antenna Matching network is an e l e c t r m e c h a n i c a l  dev ice  which maximizes 
power t r a n s f e r  to t h e  long d i p o l e  antenna dur ing  t ransmiss ion and from t h a t  
antenna t o  t h e  O r b i t e r  Receiver dur ing  recep t ion .  This u n i t  could aSso c o n t r o l  
t h e  t r a n s m i t t e r  power. 
8. A Receiver a m p l i f i e s  wanted s i g n a l s .  It h a s  about 100 dB o f  dynamic range  
and a bandiiidth t h a t  is v a r i a b l e  by c m a n d .  One v e r s i o n  i s  loca ted  on t h e  
O r b i t e r  and has  t h e  long t r a n s m i t t i n g  d i p l e  a s  r ece iv ing  antenna. 'Ihe o t h e r  
r e c e i v e r  is on t h e  RPDP where it is a s s m e d  t h a t  a 10-rn d i p o l e  w i l l  b e  a v a i l a b l e  
f o r  r ecep t ion .  NASA-supplied telecommand and t e l m e t r y  l i n k s  between t h e  O r b i t e r  
and t h e  RPDP provide c o n t r o l  and d a t a  l i a i s o n  between t h e  RPDP r e c e i v e r  and t h e  
c o n t r o l l e r .  
9. A Detector  d i g i t i z e s  t h e  received s i g n a l  f o r  processing by t h e  c o n t r o l l e r .  To 
permit Coppler measurenents ,  it ccmpares t h e  phases o f  t r a n s n i t t e d  ar,d r ece ived  
wave forms. It can a l s o  s e r v e  a s  a  frequency comparator f o r  swept-frequency work. 

A working l e v e l  z g r e m e n t  h a s  been completed between t h e  s c i e n t i s t s  i n  t h e  U.S.A. 
who were respons ib le  f o r  t h e  WISP P r o p s a l  [2] and s c i e n t i s t s  i n  Canxla. The 
agreement is based on a recognized s c i e n t i f i c  i n t e r e s t  of having an i n t e r n a t i o n a l  
tern work on a comprehensive wave-injection p r o j e c t  which encompasses a c t i v e  
experimentat ion a t  f r equenc ies  between t h e  extra-low-frequency range and t h e  
very-high-frequency range ,  i n c l u s i v e l y .  Tne team toge the r  w i l l  provide guidance 
on m a t t e r s  o f  g e n e r a l  concern. Within t h i s  team w i l l  be  t h e  WISP/HF i n v e s t i g a t o r  
group wt.lo w i l l  d i r e c t  t h e  d e f i n i t i o n ,  development and use o f  t h e  WISP/HF hardware. 
Tnis  group comprises f o u r  Canadian s c i e n t i s t s ,  four  U.S. s c i e n t i s t s  and one 
A u s t r a l i a n  s c i e n t i s t  who have a l l  %reed on t h e i r  r e s p o n s i b i l i t i e s  i n  t h e  p r o j e c t .  
The group encourages s c i e n t i s t s  o u t s i d e  t h e  t e r n  t o  a s m c i a t e  with it i n  planning 
experiments. 

Present  NASA planning c a l l s  f o r  a  Spacelab mission i n  mid 1986, wi th  an o r b i t  o f  
57' i n c l i n a t i o n  a t  300 km a l t i t u d e .  The payload w u l d  inc lude  about a dozen 
ins t ruments  designed f o r  atmospheric,  magnetospheric and space-plasma experiments 
and t h e s e  would b e  coordinated i n  va r ious  ways f o r  c o l l a b o r a t i v e  i n v e s t i g a t i o n s .  
The remainder of t h i s  a r t i c l e  is a l i s t  o f  t h e  major s c i e n t i f i c  c a t e g o r i e s  t o  be 
addressed with t h e  WISP/HF and inc ludes  a few specific i l l u s t r a t i o n s .  

ANTENNAS I N  PL4SblAS 

I n  any r a d i o  sc ience  experiment, t h e  antenna has  a p i v o t a l  r o l e ,  and r e s e a r c h  on 
t h e  i n t e r a c t i o n  o f  an a c t i v e  antenna with a magnetoplasma w i l l  b e  an important  
c o n s t i t u e n t  o f  t h e  WISP program. Tne r e s e a r c h  will d e a l  f irst  with t h e  b a s i c  
i s s u e s  o f  d r i v i n g - p i n t  impedance and f i e l d s  o f  an antenna,  i n  t h e  l i n e a r  domain. 

' A s  s i g n a l  l e v e l  is inc reased ,  more complex d e s c r i p t i o n s  o f  t h e  antenna and its 
envirorment w i l l  be r equ i red ,  and a wide v a r i e t y  o f  phenomena w i l l  be . 
i n v e s t i g a t e d .  

F igure  2 i l l u s t r a t e s  some antenna-related measurements. By measuring t h e  v o l t a g e  
and c u r r e n t  wave f o m s  and t h e i r  r e l a t i v e  phase a t  t h e  t e r m i n a l s  o f  t h e  long 
t r a n s m i t t i n g  d i p l e ,  t h e  complex d r i v i n g - p i n t  impedance, ZA, w i l l  be  determined.  
The dependence o f  ZA upon frequency, s t r e n g t h  and d i r e c t i o n  o f  t h e  ambient 
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magnetic f i e l d ,  plasma composition and d e n s i t y ,  antenna l e n g t h  and dc  bias w i l l  be  
A measured. Measurement of c u r r e n t  d i s t r i b u t i o n s ,  nea r  and f a r  f i e l d s  and ~ l a s n a  
I 

p r o p e r t i e s  will be c a r r i e d  o u t  with u s e  of d e t e c t o r s  mounted on t h e  RPDP i s  shown 
. i n  t h e  Figure  2. Current  d i s t r i b u t i o n s  and near  f i e l d s  w i l l  normally be  mzde 

whi le  t h e  RPDP is manoeuvered by t h e  Remote Manipulator System. Tnis work is 
important  to t h e  progran because p r e s e n t l y  t h e r e  is v e r y  l i t t l e  unders tanding o f  
wave propagation along an antenna i n  a msgnetopl asma. Near-f i e l d  r e s e a r c h  w u l d  
i n c l u d e  t h e  i n v e s t i g a t i o n  of resonance cones ,  c o n i c a l  h igh-f ie ld  r e g i o n s  extending 
outward f r a n  p o i n t s  of h igh charge  accumulation a t  t h e  c e n t r e  and ends o f  t h e  
d i p l e .  Cone p r o p e r t i e s  f o r  f i n i t e - l e n g t h  d i p l e s  a r e  o f  s p e c i a l  i n t e r e s t  because  
t h e y  have never been predic ted  o r  measured. 

Far- f ie ld  measurements o f  antenna r a d i a t i o n  p a t t e r n s  (bo th  magnitude and phase)  
a r e  c r u c i a l  with r e s p e c t  to wave i n j e c t i o n  a p p l i c a t i o n s  o f  t h e  O r b i t e r  antenna.  
These w i l l  be  accomplished us ing  t h e  WISP/HF t r a n s n i t t e r  and the  WISP d i p o l e  
aboard t h e  O r b i t e r  and rece iv ing  antennas and a r e c e i v e r  aboard t h e  free f l y i n g  
RPDP. In  c a s e s  when t h e  electric and m a g n e t i c a n t e n n a s  a r e  a v a i l a b l e  f o r  

* r e c e p t i o n  on t h e  RPDP, it w i l l  b e  ~ o s s i b l e  to c a l c u l a t e  t h e  Poynting f l u x .  It 
w i l l  b e  g e n e r a l l y  d e s i r a b l e  t o  develop techniques  f o r  f ind ing  power f l u x ,  a s  a 
s t e p  toward t h e  important  s p e c i f i c  o b j e c t i v e  determining t h e  antenna r a d i a t i o n  
ef f i c i e n c 7  f o r  e lec t romagnet ic  (EM) and e l e c t r o s t a t i c  (ES) modes a t  f r equenc ies  
spanning t h e  resonance fi-equencies o f  t h e  plasma. 

The na tu re  o f  t h e  antenna s h e a t h  and its c o n t r i b u t i o n  b t h e  e l e c t r i c a l  
c h a r a c t e r i s t i c s  o f  t h e  antenna w i l l  f i r s t  b e  i n v e s t i g a t e d  i n  t h e  l i n e a r  regime. 
Nonlinear phenmena assoc ia ted  with t h e  antenna w i l l  a l s o  b e  exrmined. me 
impedance, c u r r e n t  and f i e l d  d i s t r i b u t i o n  w i l l  be measured f o r  i n c r e a s i n g  s i g n a l  
l e v e l s ,  and w i l l  undoubtedly be a f f e c t e d  by p lasna  e n e r g i z a t i o n  and s h e a t h  
expansion. Sheath asymetr ies  may produce r e c t i f i e d  rf c u r r e n t  to t h e  antenna 
r e s u l t i n g  i n  t h e  r a d i a t i o n  o f  sgur ious  harmonics. The i n t e r a c t i o n s  o f  p a r t i c l e s  
acce le ra ted  by WISP/HF wi th  d i e l e c t r i c s  may provide  a b a s i s  o f  s tudy  o f  t h e  

' 

s p a c e c r a f t  charging [41:. It may a l s o  be p s s i b l e  to abserve  rnul t ipactor  
d i scharge ;  t h i s  o c c u r s  when resonant  osc  i l l i t i o n s  o f  e l e c t r o n s  between d i p l e  arms 
l ead  t o  a m u l t i p l i c a t i v e  i n c r e a s e  i n  e l e c t r o n  d e n s i t y  through secondary emission 
[5 I. 

Measured va lues  o f  t h e  impedance ZA, and,  e v e n t u a l l y  of  r a d i a t e d  f i e l d s  a t  t h e  
RPDP w i l l  be fed back to t h e  WISPIHF c o n t r o l l e r  (Fig.  2) .  In  t u r n ,  t h e  c o n t r o l l e r  
w i l l  command v a r a c t o r s  i n  t h e  antenna matching u n i t  to maximize power o u t p u t ,  
op t imize  some f i e l d  p a r m e t e r ,  o r  perhaps i n t e n t  i o n a l l y  set up i n t e r e s t i n g  
mismatch cond i t ions .  

PROPAGATION A N D  DISPERSION 

lrlISP/HF w i l l  permit tests a number o f  fundanenta l  concepts  o f  propagation i n  
a n i s o t r o p i c  media; t h e s e  inc lude  phase and group d e l a y  , p o l a r i z a t i o n  and power 
f lux .  Under c e r t a i n  cond i t ions ,  c o l l  i s i o n a l  and c o l l i s i o n l e s s  damping formulas 
w i l l  b e  confirmed. Hypotheses about thei r  energy flows can be exanined. 

The confirmation of ' t h e  d i s p e r s i o n  r e l a t i o n s  f o r  a number o f  EM and ES waves can 
be obtained f o r  h i t h e r t o  unexplored regimes using t h e  WISP/HF t r a n s m i t t e r  on 
Spacelab and a phase-coherent r e c e i v e r  on t h e  RPDP. Of s p e c i a l  i n t e r e s t  a r e  t h e  
ES waves occur ing near  t h e  fundanental  resonances a t  f,, (plasma frequency) o r  a t  
mf,, (gyro frequency harmonics) . Figure 3 i l l u s t r a t e s  t h e  p s s i b l e  gecmet r i e s  and 
r e l a t i v e  s i z e s  o f  r e f l e c t e d  rays .  It stresses t h a t  t h e  b i s t a t i c  conf igura t ion  
considerably  e n l a r g e s  t h e  scope o f  propagation experiments over what has  been 
p o s s i b l e  i n  t h e  p a s t  with monostat ic  systems. In  p a r t i c u l a r ,  a v a r i e t y  of ob l ique  
paths  can now be explored. A t  a given phase o f  an o r b i t ,  t h e  O r b i t e r - s u b s a t e l l i t e  
geometry w i l l  b e  favourable t o  a t  l e a s t  one  o f  s e v e r a l  wave modes, and c h o i c e s  f o r  
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opera t ing  parameters  will be based on rea l - t ime informat ion  about  t h e  plasma 
cond i t ions  and gecmetry . 
Wave mode coupl ing  has been specula ted  to  p lay  impor tant  r o l e s  i n  c e r t a i n  
l a b o r a t o r y  and space plasnas.  Coupling w i l l  be  tested by seeking b i s t a t i c  
geometries  t h a t  e f f e c t i v e l y  p l a c e  'the t r a n s m i t t e r  and r e c e i v e r  i n  d i f f e r e n t  
frequency dcmains and the reby  r e q u i r e  energy t r a n s f e r  between modes f o r  s u c c e s s f u l  
propagation.  

INSTABILITIES AND NONLINEARITIES 

The f l e x i b i l i t y  of t h e  WISP systems and assoc ia ted  Spacelab i n s t r u n e n t s  w i l l  
ensure  new understanding of i n s t a b i l i t i e s  i ch  occur s p n t a n e o u s l y  i n  space  
plasmas. Unstable waves o f t e n  grow i n  amplitude t o  a point  where n o n l i n e a r  
effects become impor tant .  I n t r i n s i c  plasma n o n l i n e a r i t i e s  can be t r i g g e r e d  i n  a 
c o n t r o l l e d  fashion through t h e  use  o f  t h e  v a r i a b l e  h igh  o u t p u t  power a v a i l a b l e  
from WISP/W. Nonlinear processes  exc i t ed  f o r  s p e c i f i c  wave modes, f r e q u e n c i e s  
and propagat ion  d i r e c t  ions  t y p i c a l l y  produce waves with d i f f e r e n t  f r equenc ies ,  
d i r e c t i o n s  and modes. R e  WISP/W . t r a n s m i t t e r  and r e c e i v e r s  w i l l  be  independently 
t u m b l e  to s p e c i f i c  f r equenc ies  o f  i n t e r e s t ,  and hence w i l l  be a b l e  to obse rve  t h e  
c o n t r o l l d  non l inea r  e x c i t a t i o n  o f  waves. 

1 Experiments on wave-w~ve i n t e r a c t i o n  w i l l  i n v e s t i g a t e  p a r a n e t r i c  decay a t  s h o r t  

~ range. A t t a p t s  will be made t o  d e t e c t  bo th  c h a r a c t e r i s t i c  e l e c t r o n  and ion waves 
r e s u l t i n g  from t h e  decay,  by jud ic ious  use o f  t r a n s m i t t e r  geometr ies  and 
f requencies .  Two-frequency pumping to produce ion  waves has  a l s o  been p r o p s e d  . 
Work on n o n l i n e a r i t i e s  w i l l  i nc lude  c a r e f u l  d i a g n o s i s  o f  t h e  t r a n s n i t t e r - h e a t e d  
reg ions  and a t tempts  to c l a r i f y  a l l  t h e  ES wave modes d e s t a b i l i z e d  i n  t h e  
r e s u l t i n g  n o n e q u i l i b r i m  plasna.  For i n s t a n c e ,  t h e r e  is evidence from t h e  t o p s i d e  

. sounders t h a t  temperature a n i s o t r o p i e s  may be set up ISnich then produce Eerns te in  
waves through t h e  Har r i s  i n s t a b i l i t y .  

GIISP/HF can be used t o  i n v e s t i g a t e  wave growth i n  the  presence of streaming 
charged p a r t i c l e s .  Once t h e  c h a r a c t e r i s t i c s  o f  normal propagation i n  an 
equ i l ib r ium plasma have been e s t a b l i s h e d ,  t h e  t r a n s n j  t t e r - r e c e i v e r  l i n k  can then  
be  appl ied  to t h e  s t u d y  o f  n e t  effects o f  wave grouth  i n  nonequil ibrium 
d i s t r i b u t i o n s .  Natural  p a r t i c l e  s treams i n  which t h e  s tream dimensions g r e a t l y  
exceed propagation path l e n g t h  present  an advantage; t h e  a s s m p t i o n  o f  a growth 
region of i n f i n i t e  e x t e n t  will s impl i fy  a n a l y s i s .  On t h e  o t h e r  hand, 
charged-par t ic le  guns on Spacelab w i l l  have t h e  Avan tage  o f  ccmplete c o n t r o l  over 
beam parameters  ( f l u x  magnitude, p i t c h  angle ,  energy and modulation) and o f  
absence o f  w i d e s p r e d  no i se  frcm spontaneous emissions. ES waves l i k e  those i n  
Figure  3 have wavelengths o f  t h e  o rde r  o f  meters  and r e f l e c t  o f f  g r a d i e n t s  wi th in  
about 1 h of t h e  t r a n s n i t t e r .  ?his sugges ts  t h e  procedure s y m h l i z e d  i n  Figure  
4. Assuming t h a t  t h e  a r t i f i c i a l  e l e c t r o n  beam has a c e r t a i n  r a d i u s  about a f i e l d  
l i n e ,  it may be p s s i b l e  to arrange ES ray paths t h a t ,  a f t e r  r e f l e c t i o n  (many 
wavelengths f r m  t h e  t r a n s m i t t e r ) ,  c u t  back a c r o s s  t h e  h e m  with p l sne  waves. 
'then o r b i t a l  cond i t ions  permi t ,  an RPDP with a r e c e i v e r  loca ted  on t h e  r a y  pa th  
j u s t  beyond its i n t e r s e c t i o n  with t h e  beam should be  i n  a p s i t i o n  t o  monitor 
incremental  wave growth o r  damping caused by t h e  bem. ?he shaded a r e a s  i n  Figure  
4 i n d i c a t e  t h a t  t h e  beam is pulsed.  blormal propagation ( A )  is first s t u d i e d  us ing 
i-ays t h a t  a r e  n o t '  a f f e c t e d  by t h e  s t r e a n i n g  particle:; .  The t r a n s n i t t e r  is o f f  a t  
B and the r e c e i v e r  measures t h e  inheren t  beam i n s t a b i l i t i e s ,  i f  any. F i n a l l y ,  t h e  
n e t  r e s u l t s  o f  convect ive  growth o r  d ~ m p i n g  o f  a t r a n s m i t t e r  p u l s e  can be obta ined 
by measuring t h e  t o t a l  s i g n a l  l e v e l  i n  t h e  presence of t h e  beam (C), s u b t r a c t i n g  
i n h e r e n t  n o i s e  (8) and canparing wi th  m b i e n t  propagation ( A ) .  



SOUNDING AND SCATTER 

The WISP/HF group is s t r o n g l y  i n t e r e s t e d  i n  r e s e a r c h  on ionospher ic  and 
magnetospheric s t r u c $ u r e  as t h e  b a s i s  f o r  understanding t h e  dynanics  o f  t h e  
n e u t r a l  atmosphere and t h e  plasmasphere. Experiments a r e  proposed i n  remote HF 
sens ing of  ionospher ic  s t r u c t u r e  i n  h i c h  both t h e  s c a l e  s i z e  of t h e .  s t r u c t u r e  and 
t h e  d i s t a n c e  it frcm Spacelab va ry  u:, t o  t h ~ u s e n d s  o f  k i lomete r s .  New 
coded-pulse and coherent- transmission methods w i l  b e  app l i ed  t o  r e s e a r c h  on 
t r a v e l i n g  ionospher ic  d i s t u r b a n c e s  and f i e ld -a1  igned i r r e g u l a r i t i e s  o f  d e n s i t y .  
Near t h e  upper-frequency limit o f  t h e  WISP/HF, s c a t t e r  from E- and F-region 
s t r u c t u r e s  can  a l s o  be  s tud ied .  I n  s i t u a t i o n s  *ere t h e  O r b i t e r  and RPDP f l y  
through s t r u c t u r e  o f  i n t e r e s t ,  s imultaneous u s e  o f  t h e  WISP/HF acd o t h e r  Spacelab 
systems will h e l p  to  reduce  ambigu i t i e s  i n  c a l c u l a t i o n s  of d e n s i t y  i r r e g u l a r i t y  
s p e c t r a .  

I o n i z a t i o n  s t r u c t u r e s  w i l l  b e  measured, both  along t h e  o r b i t  and remote Pcm 
Spacelab. WISP/HF w i l l  o p e r a t e  i n  a number o f  programed modes, inc lud ing  survey 

: modes to sea rch  f o r  n a t u r a l  phencmena o f  i n t e r e s t  o r  modes to i n v e s t i g a t e  s p e c i f i c  
f e a t u r e s  i n  d e t a i l .  Frequency sweep range ,  pu l se  width,  r e p e t i t  ion frequency and 
power w i l l  b e  v a r i a b l e  on command. WISP/HF w i l l  be  capab le  of coheren t  d e t e c t i o n ,  
and w i l l  permit measurenent o f  time d e l a y ,  phase,  m p l i t u d e  and b p p l e r  s h i f t  o f  
rece ived s i g n a l s .  Real-time d a t a  p r e s e n t a t i o n s  may be  used t o  h e l p  t h e  o p e r a t o r  
focus on s t r u c t u r e  o f  p a r t i c u l a r  i n t e r e s t .  S ince  b p p l e r  s h i f t  a t  a g iven  
frequency v a r i e s  a s  t h e  c o s i n e  o f  t h e  ang le  between t h e  wave normal and t h e  
r e c e i v e r  v e l o c i t y ,  t h e  s h i f t  is a measure o f  t h e  ang le  o f  a r r i v a l  o f  t h e  r e t u r n  
ray .  Tnis  will provide a means o f  d i s t i n g u i s h i n g  r e t u r n s  from d i f f e r e n t  r e g i o n s  
with t h e  same d e l a y  time, 

With a Spacelab o r b i t  i n  t h e  F-region, WISP/HF w i l l  b e  u s e f u l  f o r  r e s e a r c h  on 
e q u a t o r i a l  'bubbles t  [51 and assoc ia ted  f i e ld -a l igned  HF d u c t s  173, WISP/HF may 
be used t o  f ind  t h e  shape,  o r i e n t a t i o n  and dimensions o f  bubbles ,  t h e  r e l a t i o n s h i p  
between bubbles and d u c t s ,  and t h e  r e l a t i o n s h i p  between bubbles  and Spread-F. 
b p p l e r  d a t a  recorded i n  d u c t s  will provide angle-of-ar r iva l  information which 
could b e  used to s t u d y  t h e  e lec t romagnet ic  t r app ing  mechanisn and to  d i s t i n g u i s h  
trapped waves fran s c a t t e r e d  o r  r e f l e c t e d  ones.  Apart frcm bubbles,  d u c t i n g  
phenomena dese rve  ex tens ive  s t u d y  i n  t h e i r  own r i g h t ,  and WISP/HF experiments w i l l  
address  wave modes hose guiding cannot b e  observed on t h e  ground. 

Figure  5 i l l u s t r a t e s  how t h e  coheren t  b i s t a t i c  t r ansmi t t e r - rece ive r  could be used 
t o  c l a r i f y  a long-standing ques t ion:  a r e  d u c t s  o f  t u b u l a r  ( A )  o r  l a n i n a r  c r o s s  
s e c t i o n  ( B ) ?  I n  both  c a s e s ,  t h e  t r a n s n i t t e r - r e c e i v e r  s e p a r a t i o n  v e c t o r  is assuned 
h o r i z o n t a l  and passes  through t h e  a r e a  o f  minimum d e n s i t y ,  N,, i .e.,  t h e  i n s i d e  o f  
t h e  duct .  Using t h e  coherence f a c i l i t y ,  t h e  phase change, jd ( f )  , is found i n  a 
frequency range  f, to f3. The n a t u r e  o f  t h e  d e n s i t y  con tours  and t h e  r a y s  
c o n s i s t e n t  with them is such t h a t  t h e r e  i s  much more d i s p e r s i o n  i n  B than A .  
I t e r a t i v e  e l e c t r o n  d e n s i t y  modelling a t  t h e  a n a l y s i s  s t a g e  could be used to deduce 
t h e  d e n s i t y  contours  & i c h  g i v e  t h e  best agreement wi th  t he  observed $(f). 
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SECTION X I  , MAGNETOSPHERIC MULTI PROBES (MMP) 
4 





MAGNETOSPHERIC MULTIPROBES 

INVESTIGATIONS AND INSTRUMENTATION 

SPACELAB ACTIVE EXPERIMENTS WORKING GROUP MEETING 
NASA - MARSHALL SPACE FLIGHT CENTER 

23 SEPTEMBER 1980 



MULTIPROBE INVESTlGATOR TEAM 

PRINCIPAL INVESTIGATOR: J m  Lm BURCH S U R I  
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o DETERMINE THE SPATIAL STRUCTURE OF PLASMA PHENOMENA SUCH AS THE AURORA, 

CONVECTION REVERSALS, AND ION TROUGHS 

o SEPARATE SPATIAL AND TEMPORAL VARIATIONS I N  THESE PHENOMENA 

o DETERMINE FIELD-ALIGNED CURRENT DENSITIES BY MEASURING CURL AND 
- 

APPLYING THE MAXWELL EQUATION CURL = /A, J 

o PERFORPI MULTIPLE-POINT ANALYSES OF PARTICLE BEAMS, WAVE FIELDS AND PLASMA 

CLOUDS THAT ARE INJECTED INTO THE IONOSPHERE AND MAGNETOSPHERE BY 

SPACELAB ACTIVE EXPERIMENT FACILITIES 



MULTIPROBE SPATIAL CONFIGURATIONS 
NOVEMBER 5, 1979 

o MISSION A 

IN IT IAL:  A CLUSTER COVERING A VOLUME WITH DIMENSIONS I N  THE RANGE 

OF 1 km TO 20 km, 

FINAL: LINEAR TRAIL WITH INTERPROBE SPACINGS OF 1 km TO 100 km, 

o MISSION B 

LINEAR TRAIL WITH INTERPROBE SPACINGS OF 600 km TO 6000 km. 

o POSITION DETERMINATION 

200 METERS (MISSION A) 

I KILONETER (MISSION 0) 



MULT I PROBES ' 

AURORA 

M ~ S S I O N  A (CONFIGURATION 1) 

H 

AURORA 

MULTIPROBE M I S S I O N  A SPATIAL CONFIGURATIONS 

I 

- 

MISS ION A (CONFI GURAT ION 21 



ELECTRON BEAM INJECTION EXPERIMENT 

WITH MULTIPROBES 

ELECTRON BEAM 

TRAILING MULTIPROBES 

EARTH 



MULTIPROBE SCIENTIFIC MEASUREMENTS 
J ,  L, BURCH 

I NOVEMBER 5, 1979 

BASIC COMPLEMENT 

o VECTOR MAGNETIC FIELD WITH ACCURACY OF 50 nT AND SPATIAL RESOLUTION OF 200 METERS, 

o VECTOR ELECTRIC FIELD WITH ACCURACY OF 5 mV/m AND SPATIAL RESOLUTION OF 200 METERS, 

o ELECTRON DENSITY AND TEMPERATURE WITH SPATIAL RESOLUTION OF LESS THAN 1 km. 

o ENERGY SPECTRA AND PITCH-ANGLE DISTRIBUTIONS OF SUPRATHERMAL ELECTRONS FOR 

ENERGIES OF 5 eV TO 30 keV WITH AT LEAST TEN COMPLETE ENERGY SCANS PER 

SPIN PERIOD, 

OPT1 ONS 

o VECTOR ION DRIFT WITH ACCURACY OF 100 m/s, AND SPATIAL RESO1C)TION OF LESS THAN 10 km. 

o THERMAL ION TEMPERATURE AND COMPOSITION OVER MASS RANGE OF 1 TO 56 AMU. 



[ MULTIPROBE WITH DEPLOYED BOOMS AND ANTENNAS [

.... [ ....,-,..... [NOVEMBER 5, 1979



MULTlPROBE CLUSTER FOR CURRENT 
MEASUREMENTS J. L. BURCH 

23 SEPTEMBER 1980 

FOR J = 10a Am-*, 
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\ 
Shuttle 

MULTIPROBE INVESTIGATION OF S f  RUCTURE 
AND DYNAMICS OF ION TROUGH 



MMP's to Determine 
Nature of  Flow Reversal 
Field -Aligned Current 
Configuration 

MMP INVESTlGATlOM OF FLOW REVERSALS 
(CLEFT AND HARANG DISCONTINUITY 1 J. L. BURCH 

23 SEPTEMBER 1980 



USE OF bNJLBIPWOBES IN WISP WAVE iNJECTlON 
€XPERIMENTS 

MMP Diagnostics of  
Waves And Wave - 
Particle Interactions 



USE OF MULTIPROBES IN SEPAC BEAM-PLASMA 
EXPERIMENTS 



USEOF MULTIPRO3ESWITH ELECTRODYNAMICTETHER J.L.BURCH23 SEPTEMBER 1980

Alfv_n Waves
. #

X _, ,= / N _ _Fleld" Aligned Current,
_ r /'r,, "/,- _ \ / ( Particle Acceleration)



Magnetic Field Lines 

Natural Waves \ Natural Waves 

EARTH 



USE OF MULTIPROBES IN CWM CONDUCTIVITY 
MODIFICATION EXPERIMENTS 

Conductivity Modification BY 
CRM Release At 150- 200Km 



_ _ J.L. BURCH
MULTIPROBE STOWAGE AND EJECTION SYSTEM

NOVEMBER 5, 1979
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_ _ J.L. BURCHq-I PLAN VIEW OF ASSEMBLEDMULTIPROBESUBSYSTEMS NOVEMBER5, 1979
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CUTAWAY VIEW OF ASSEMBLED MULTIPROBE 

DIAM:  60 cm 

HEIGHT: 38 crn 

MASS: 50 kg 
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MULTIPROBE SYSTEM MOUNTED ON SPACELAB PALLET 

CROSSED LOOP ANTENNA 

COMMAND AND DATA SYSTEM 2875.2 TOTAL L-4 --i 
i UNUSED PAD . 



MULTIPROBE TRADE STUDIES 

INSTRUMENT ACCOMMODATIONS 

. EVALUATE MEANS OF PROVIDING MECHANICAL MOUNTING FIXTURES FOR EACH INSTRUMENT WITH 
SERVICEABILITY AS A CONSIDERATION 

. EVALUATE ELECTRICAL INTERFACE CIRCUITS NECESSARY TO PROVIDE COMMAND AND DATA 
SUPPORT TO EACH INSTRUMENT 

EVALUATE POWER CIRCUIT INTERFACE REQUIREMENTS FOR FUSING AND CONTROL CONSIDERATIONS 

. EVALUATE €MI ENVIRONMENT FOR INSTRUMENT CONTAMINATION CONSIDERATIONS 

POWER 

EVALUATE THE SUITABILITY OF VARIOUS BATTERY TECHNOLOGIES (INCLUDING LITHIUM, AgZn, AND 
NiCd BATTERIES) FOR THE MULTIPROBE POWER SUBSYSTEM 

ATTITUDE DETERMINATION 

. EVALUATE THE USE OF SUN SENSORS, HORIZON SENSORS, AND STAR SENSORS FOR DETERMINING 
3 -AX IS  ATTITUDE TO THE REQUIRED 0.1' 

ELECTRIC F I E L D  ANTENNAS 

. EVALUATE THE SUITABILITY OF VARIOUS TYPES Of  ANTENNAS, INCLUDING HINGED, TAPE AND WIRE 



MULTIPROBE TRADE STUDIES 

STOWAGE AND EJ ECTION 

EVALUATE THE FOLLOWING ALTERNATIVE MEANS OF STOWING AND EJECTING MULTIPROBES 
AT SPACELAB: 

(1) COLD-GAS DRIVEN PISTON EJECTION FROM A MODIFIED IECM FRAME 

(2) SPIN-UP AND EJECTION BY A SPECIAL PURPOSE END EFFECTOR ON THE RMS, 
AS I N  THE POP 

(3) SPIN-UP AND EJECTION FROM THE RMS BY A COLD-GAS SYSTEM INTERNAL TO 
EACH MULTIPROBE 

THERMAL CONTROL 

. EVALUATE VARIOUS PASSIVE AND ACTIVE MEANS OF CONTROLLING THE THERMAL ENVIRONMENT 

OF THE ENTIRE PALLET-MOUNTED MULTIPROBE SYSTEM AND OF EACH INDIVIDUAL DEPLOYED 

MULTf PROBE. 



MULTIPROBE TRADE STUDIES 
J. L. BURCH 

I NOVEMBER 5, 1979 

TRACKING 

- EVALUATE THE FOLLOWING ALTERNATIVE METHODS FOR OBTAINING POSITION DETERMINATION 
TO AN ACCURACY OF 200 m: 

(1 1 TONE-RANGING WITH DIRECTIONAL ANTENNAS 

(2) TONE-RANGING WITH OPTICAL FIXES AND ORBITAL MECHANICS CALCULATIONS 

(3) GLOBAL POSITIONING SYSTEM 

(4 )  ORBITER RENDEZVOUS RADAR WITH TRANSPONDERS 

COMMUNICATIONS 

- EVALUATE USE OF THE 401 TO 402 MHz BAND WITH DEDICATED MULTIPROBE TRANSMITTER 
AND RECEIVERS ON SPACELAB AND, ALTERNATIVELY, S-BAND COMMUNICATIONS WITH THE 
ORBITER PAYLOAD INTERROGATOR. 

COMMAND AND DATA MANAGEMENT 

. EVALUATE OPTIONS FOR THE PROCESSING OF COMMANDS AND DATA ON BOARD SPACELAB AND 
AT EACH MULTIPROBE. IDENTIFY THE NEED FOR AND THE UTIL f fAT ION OF THE SPACELAB 
DDU AND EXPERIMENT COMPUTER, A SPACELAB-BASED DEP, COMMAND ENCODER, AND DATA 
ACQUISITION SYSTEM, AND A MULTIPROBE-BASED COMMAND DECODER AND DATA ACQUISITION 
SYSTEM, 



MULTIPROEE TRADE STUDIES 

PAYLOAD AND MISSION SPECIALIST SUPPORT 

DEFINE M E  ROLE OF CREW MEMBERS I N  EJECTING AND TRACKING MULTIPROBES 

. DEFINE THE ROLE OF CREW MEMBERS I N  CONTROLLING THE MULTIPROBES IN,ORBIT 
I N  COORDINATION WITH OTHER SPACELAB FACIL IT IES SUCH AS WISP AND SEPAC 

FUNCTIONAL OBJECTIVES 

DEFINE SCIENTIFIC EXPERIMENTS TO BE CARRIED OUT WITH THE MULTIPROBES AND 
IDENTIFY OTHER REQUIRED SPACELAB FACIL IT IES 

DEVELOP A STRAWMAN MISSION TIMELINE TO INCLUDE EFFECTS OF MULTIPROBE ORBITAL 

MECHANICS AND SEPAC AND WISP BEAM AND WAVE INJECTION CHARACTERISTICS 

ORBITAL ANALYSIS 

. EVALUATE FEASIBILITY OF ACHIEVING THE REQUIRED RELATIVE POSITIONS AMONG THE 
MULTIPROBES AND SPACELAB. 

. DETERMINE OPTIMUM DRAG COEFFICIEIJTS FOR MULTIPROBES 

a DETERMINE OPTIMUM LAUNCH CONDITIONS AND ORBITAL PARAMETERS TO MEET THE 
MULTIPROBE FUNCTIONAL OBJECTIVES 
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INVESTIGATION SUMMARY 
RECOVEKABLE PLASMA DIAGNOSTICS PACKAGE 

In response to NASA AO-OSS-2-78, the University of Iowa proposed a 
Recoverable Plasma Diagnostics Package (RPDP) as an essential element for the 
cost-effective use of the Space Shuttle to conduct research in space plasma 
physics and related disciplines on the Spacelab Missions. This RPDP program 
is a continuation of the ejectable Plasma Diagnostics Package investigation 
ullder development for the OSS-1 and Spacelab 2 Missions. 

The RPDP is a fully instrumented, ejectable and recoverable unit with 
flight and ground support systems so that it can be utilized attached to the 
Orbiter Remote Elanipulator System, tethered from the Orbiter, or as an Orbiter 
Subsatellite to (200 km range with an operation time up to 200 hours from 
batteries. Core instruments on the RPDP are flight-proven hardware which 
provide diagnostics measurements of energetic particles (electrons and ions, 
2eV to 50keV), AC electromagnetic and electrostatic waves (5 Hz to 30 MHz), 
vector magnetic field signatures of current systems (> 2 y ) ,  vector electric 
field signatures associated with plasma flow and particle acceleration (> 1 
mV/m), thermal plasma ion composition and density (1-64 AMU > lcmm3), thermal 
plasma electron density and temperature ( l o 2  to lo7 ~ m - ~ ,  1 x lo2 to 1 x lo4' 
K) and images of optical emission regions in UV (1100-1700A) or visible 
(3900-63006) wavelengths. 

Two investigations utilizing the RPDP are the basis for the definition 
phase: diagnosing the dynamics and consequences of particle beams injected 
into the magnetosphere from an Orbiter-borne accelerator (SEPAC system by 
Obayashi et al.) and diagnosing the emission and propagation characteristics 
of waves injected from an Orbiter-borne transmitter (WISP system by Fredricks - - -  - . .  . . . --- 
t21. ai.) OL by uedua ui cc CUIIUUCL~LI~ L ~ L ; L ~ L  ~CUUICJ, I L L I L L C X L ~ U  U J  LLLC L U L  V L L  

OSS-1 and Spacelab 2, are to be continued for wave, particle and field effects 
stimulated by the motion of the large-sized Orbiter through the magnetized 
plasma and for naturally occurring magnetospheric phenomena. 

Based on the OSS-1 and Spacelab 2 design, a new PDP unit is to be 
developed which can accommodate a more flexible complement of instruments and 
the necessary hardware and electronics subsystems to make the PDP recoverable. 
Existing PDP flight support and ground support equipment are to be modified to 
.accommodate the RPDP. The major development item is the Special Purpose End 
Effector which is to effect ejection and recovery of the spinning RPDP (5 to 
20 RPM). 

Once in existence, the RPDP can provide a cost-effective and 
comprehensive means of diagnostics for Spacelab experiments such as the 
Shuttle electrodynamics tether, plasma flow around bodies, magnetospheric 
multiprobes, chemical release modules, plasma depletion experiments, sheaths 
around large structures in space, auroral electrodynamics and tethered 
atmospheric probes. For such follow-on missions several additional 
instruments can be accommodated. 
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A. GENERAL SCIENTIFIC OBJECTIVES 

§ Continue to study the Orbiterrnagnetoplasma interactions such as 
density wakes, energized plasmas, dc electric fields, and 
wave-particle instabilities. 

5 Investigate the dynamics of the primary particle beams ejected from 
the Orbiter via SEPAC and the characteristics of the secondary and 
tertiary energetic plasma below 50 keV by measurement of the particle 
distribution functions with the quadrispherical low energy proton and 
electron differential energy analyzer (LEPEDEA) within lOOkm range of 
the Orbiter. Characterize the induced wave and optical emissions, the 
current systems and the electric field regions both in the vicinity of 
the Orbiter and remote to it. 

5 Measure the transmitting antenna radiation pattern and the propagation 
and mode coupling characteristics of electrostatic and electromagnetic 
waves injected by the Orbiter, via WISP, in the range of 0.3 kHz -30 
MHz with a step frequency correlator receiver and antennas. 
Characterize the ambient plasma and induced modifications such as 
particle acceleration and precipitation. 

5 Within a range of 100 km from the Orbiter, probe the microscale 
properties of wave-particle interactions induced by joint operations 
of wave and particle beam injectors and the RPDP. 

5 Support investigations which may be carried out with the 
Magnetospheric Multiprobes, Chenical Release Module and Tether System 
i ~ \ ~ e s  tigatiozs. 

B. RECOVERABLE PLASMA DIAGNOSTICS PACKAGE DESCRIPTION 

1. General Description of the Recoverable PDP and Operating Scheme 

The major subsystems which make up the RPDP Flight and Operations 
system are identified in Figure 1. In Table 1 the function of each major 
subsystem is stated and its performance characteristics are specified. 

Taken together the RPDP systems provide for a plasma diagnostics 
package which can be operated on the W S ,  tethered to the Orbiter or released 
from and recovered by the Orbiter to serve as a reusable subsatellite. Figure 
2 depicts the interfaces to Spacelab. The Recoverable Plasma Diagnostics 
Package (RPDP), shown as an artist's conception as part of the Summary, is 
latched to the Spacelab pallet structure by the Release Mechanism (REM) which 
is controlled via the Payload Retention Panel in the aft flight deck (AFD). 
The Recovery Special Purpose End Effector (RSPEE) provides the mechanical and 
electrical interface to the Remote Manipulator System which allows the 'KSPEE 
to be controlled from the S t a n d a r d  Switch P a n e l  i n  location L12 in the AFD. 
Spin-up, deployment on-orbit and retrieval of the RPDP are effected by the 
RSPEE. Once the RPDP is released from the REM it operates on batteries and 
commands are transmitted and data received through the 400 F1Hz KF antenna 
(RFA) located on the pallet. Commands and data processing are controlled by 
the Receiver and Data Processing Electronics (RDP) which are mounted under the 
pallet shelf on a cold plate. This unit contains the command generator 
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TABLE 1. SFECIFICATIONS FOR RPDP SUBSYSTEMS 

. 

. 
SU13SYSTE4: FL!:CTIO:I 

Recoverable Plarma D i a p o s t i c s  
Yackve ( ie3P ) : iiouzes scicn- 

t i f i c  ins tments  and 
subsystems on R 1 6  and a s  
subsa te l l i t e  

. ' .  

I 

Recovery Special M o s e  !?nd 
Effector (ESP=) : Frovides 

mechanical and e l e c t r i c a l  
in te r face  t o  the  ii:ii:lS and 
spin-up, re lease  and recovery 
of the  RPDP 

. 
Release Mechznism Assenbly (FS!!: 

Mechanically ia tches  i 2 D ?  t o  
Spacelab p a l l e t  and pro-ddes 
e l e c t r i c a l  u ~ b i l i c a l  connection 
to t e s t  RPDP (Developed by 
CL;?~ ;"i;r =;-;,;; 

.,., 

PAWL'.Z:'L'ER: SPECIFICATICM 

Size . . . . . . . . .  107 cm d i a  x 66 cm high 
W e i a t  . . . . . . . .  250 kg . . . . . . . .  Energy 9 KkTI from ba t t e r i es  
Parer. . . . . . . . .  45-90 watts . . . .  Operating Life  100-200 hours . . . .  Accoumodations 6-10 s c i e n t i f i c  instruments . . . . . .  Telemetry. 490-402 MHz ECF band, 1 watt  . . . . .  Damlink if1 32 kbps E M  da ta  . . . . .  Do~m1in.k #2 50 kHz analog data  . . . . . . .  Uplink. Commands, sync signal, tone ranging . . .  Telemetry Range. 100-200 km . . . . . . . .  Comands 32 fo r  S/C functions & da ta  mode . . . . . .  Data Systen. RCA 1802 pP based . . . . . . .  Antennas 4 of 1 5  m - tubulu.  t y p e / r e t r a c t ~ b l e  . . . . . . . .  Booms. 2 of 3 m - t e l e ~ c o ~ i n g / r e t r a c t a b l e  . . . . . . . .  Aspect S ta r  sensor, sun sensor, triaxial 

magnetometer fo r  +0. l0  accuracy . . . . . .  I D  Strobe. 1 o r  2 - 40 flashes/minute 

. . . . . . . . .  Size 91 cmx 91 cmx 45 cm 
Weight . . . . . . . .  100 kg . . . . . . . .  Power. 50 W average, 150 W peak DC . . . .  RiIS Interface. E lec t r i ca l  s n ~ p l e  f i x t u r e  
Control & Status . . .  Standard switch panel ~ 1 2 ; ~ -  . . . .  Gpin-up Range. 5-20 RPM t 1N i n  < 1 minute 

. . . . . . . . .  Size 1X) cm x 142 cm x 16 cm 
Feight . . . . . . . .  53 kg . . . . . . . .  Power. 118 W peak DC ; 450 W peak AC . . . . . .  Technique. Guide r a i l s  fo r  x, y location; 

secured by motor-driven screvs 
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Receiver and Da+a Processinq -- 
Electronics (3": kiouses iW 

data  receivers  and cornand 
t ransmit ter ;  in terfaces  t o  RAU 
and HIC4; processes da ta  and 
commands 

RF' Antenna Assezhly (RFA): 
Rcceivcs 400 1sXz t e l e m t r y  da ta  
from RPDP and t r m s x i t s  400 hMz 
uplink commands & sync signals 

Experiment Cromind S u r e  
Equipment ( 2 : : )  : i'roccsses 

WDP da ta  from ffN4, IU'J and 
Of stream i n  WCC 

t 

......- - 
Size . . . . . . . . .  33 cm x 50 crn x 30 cm 
Weight . . . . . . . .  20 kg 
Power. . . . .  , . . .  50 W DC 
mermdl. Control. . . .  Cold p la te  mounted 
RAU Interface. . . . .  Analog Inputs - 32 

Discrete Outputs -, 40 
Discrete In2uts - LO 
Ser ia l  Cornlands - 1 
Ser ia l  Inputs - 1 
All data  available t o  DDU & POCC 

HfN Interface. . . . .  Channel 1 - 1.2 1.Tops 
Channel 2 - 32 kbps 

~ a t a / ~ o n t r o l  System. . . I n t e l  8085 pP based 

Size . . . . . . . . .  40 cm x 40 cm x 2 cm p la te  on 
top of  - 150 cn mast . . . . . . . .  Wei&ht 1 5  ke; 

Parer. . . . . . . . .  None 
Technique. . . . . . .  Dual polarized ~ ~ i c r o s t r i p  
Pattern . . . . . . .  +8 dB1 d o n g  +Z, -30 a?-; d o n g  -2 

Complement . . . . .  , 2 Chromemco 2-80 uicrocomputers 
with p c r i f c r i d s  fo r  control l ing 
RFDP, displayinc, l i s t i n g  and 
tape recording data. 



and transmitter and the data receivers for the RF links to the RPDP. Included 
also are a microprocessor and interface electronics for command and data 
processing to provide two data streams to the High Rate liultiplexer (HRti) and 
to exchange data and commands with the Remote Acquisition Unit (RAU). 
Commands t;o the RPDP can be issued either by the POCC or by the crew through 
the keyboard and experiment computer. Data and housekeeping parameters from 
the RDP are available for display on the DDU via the KAU and experiment 
computer. 

The Definition Phase study will include tasks to verify the following 
proposal assumptions: The REM will exist as part of both the MSFC IECM program 
and the U of Iowa PDP on OSS-1 and Spacelab 2 programs. It can be used 
without modification. On Spacelab 2 the PDP is to be released and not 
recovered so that the RPDP must be fabricated based on the PDP structural aqd 
electriqal sybsystem designs with modifications to accommodate the recovery 
mechanism, several more scientific instruments and Inore complex, but more 
flexible, subsystems such as the command/sync signal uplink and the 
rnicroproeessor-based data system. A SPEE for spin-up and deployment of the 
Spacelab 2 PDP will exist, however, because of cost constraints, it will not 
be capable of effecting recovery. The added capability of recovery requires 
careful design and consideration because of the safety aspects; this design 
and fabrication is to be subcontracted. The RF Antenna can probably be used 
without modification. It provides hemispherical coverage about the Orbiter 4-2 
axis with good suppression of Orbiter EM1 in the -Z hemisphere. Data 
receivers, the microprocessor data processing elements, and RAU and HRM 
interface circuits from the Spacelab 2 RDP can be utilized. Additions to the 
RDP include the command generator and command transmitter as well as expansion 
of the RAU interface and the microprocessor ROM and RAM. 
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functional check of the RPDP by issuing commands through the keyboard and 
monitoring housekeeping and scientific parameters on the DDU, To deploy the 
RPDP, the RMS operation grapples the electrical grapple fixture on the RSPEE 
using the CCTV; the REM is then operated to release the combined RPDP and 
RSPEE units; Orbiter attitude is adjusted and the RMS articulates the RPDP so 
that it wlll be deployed in the cartwheel mode--the RPDP spin plane is 
parallel to the Orbiter's orbital plane. The RSPEE in controlled and 
monitored via the L12 Standard Switch Panel; functions include heater, spin-up 
to preset rate in the 5-20 RPM range and separation. Commands sent to the 
RPDP prior to spin-up are used to partially extend the booms and antennas to 
establish a stable dynamic configuration for the RPDP. Once spin-up and 
separation are effected, the Orbiter is flown away from the RPDP to a 
prescribed position in order to carry out experiments. The Payload Specialist 
will be required to carry out predefined experimental programs by operatlng 
the particle beam and/or wave injectors and by monitoring the results from the 
RPDP. The Payload Specialist will then make adjustments in parameters such as 
RPDP locatipn, transmitter frequency, etc., to optimize the results. After 
completion of the mission objectives, the Orbiter is to rendezvous with the 
RPDP. Commands are sent to retract the booms and antennas and the RSPEE spin 
rate is matched to that of the RPDP. Recovery is monitored through use of the 
CCTV, the RPDP is restowed on the REM and the RMS is ungrappled and stowed. 



2. O r b i t e r  Resource Requirements 

O r b i t e r  resource  requirements i n  terms of s i z e ,  weight,  power, 
command, and d a t a  handl ing  and ope ra t ing  modes a r e  g iven  i n  Table 1. 

3. PDP Launch/Recovery System Concept 

The launch/recovery system f o r  t h e  RPDP r e p r e s e n t s  a somewhat new 
development i tem which may r ep resen t  a s a f e t y  hazard e s p e c i a l l y  dur ing  
recovery opera t ions .  A Spec ia l  Purpose End E f f e c t o r  (SPEE) f o r  t he  RMS is  
being developed by B a l l  Aerospace Systems Divis ion  f o r  launch of t he  Spacelab 
2 PDP which provides a des ign  base and r e l e v a n t  exper ience  wi th  q u a l i f i c a t i o n  
t e s t s  and s a f e t y  a spec t s .  

Two f e a s i b l e  launch/recovery concepts  developed by Ba l l  Aerospace and 
Spar Aerospace were included i n  t he  o r i g i n a l  proposal .  Highl ights  of t h e  
concepts  a r e  a s  fol lows:  

$ Ball--The Spacelab 2 SPEE i s  modified t o  handle m u l t i p l e  
s a t e l l i t e s .  The SPEE l a t c h e s  t o  a cone and  probe dsv ice  on t h e  
RPDP t h a t  is s i m i l a r  t o  t h e  s t anda rd  grapple  f i x t u r e .  This  SPEE 
provides  spin-up and Zaunch. For  recovery t h e  RPDP is yo-yo 
despun t o  5 RPM or less and grasped by t h e  s t a n d a r d  end effector. 

$ Spar--A s p i n  j o i n t  is  t o  be i n s e r t e d  betueen t h e  s t anda rd  end  
e f f ec to r  and  t h e  n r i s t  r o l l  j o i n t  of t h e  Remote Elnniputator 
System. This  approach is p o ~ s i b l e  because t h e  SEE is a "Line 
Replaceable  Unit". This  s p i n  j o i n t  p r o v i b s  t h o  spin-up a n d  
, - t . J - ... I.. - L .. -.. . . ? * 7  - &'I. - rrnn -,,,..'A,.. A;.... -..; r U J  
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r ecap tu re  func t ions ,  ciniy a s t a n a a r a  grapple  f i x t u r e  is r e q u i r e d  
on t h e  RPDP, 

Iowa proposes t o  i s s u e  t h r e e  des ign  c o n t r a c t s  f o r  t h i s  SPEE dur ing  
t h e  d e f i n i t i o n  phase and one development and t e s t i n g  c o n t r a c t  t o  a s e l e c t e d  
aerospace vendor dur ing  t h e  development phase. 

I n  o rde r  t o  recover  t h e  PDP, t h e  deployed booms and antennas must be 
r e t r a c t e d  o r  severed. Of concern i s  the  p o s s i b i l i t y  t h a t  t h e  RPDP b a t t e r i e s  
would be deple ted  of energy before  recovery i s  poss ib l e .  To avoid t h i s  
s i t u a t i o n ,  i t  i s  proposed t o  provide a s e p a r a t e  b a t t e r y  pack wi th  s u f f i c i e n t  
energy t o  c o n t i n u a l l y  ope ra t e  a command r ece ive r  and t o  ope ra t e  motors and/or  
pyrotechnics  a s  requi red  t o  ready the  RPDP f o r  recovery. Since the re  is  a 
p o s s i b i l i t y  t h a t  t h e  RPDP might have t o  be s t o r e d  on-orbit  between Spacelab 
f l i g h t s  due t o  a contingency s i t u a t i o n ,  cons ide ra t ion  w i l l  be give11 t o  us ing  a 

.. smal l  s o l a r  c e l l  a r r a y  t o  keep t h i s  recovery b a t t e r y  pack charged. 

4. Objec t ives  For Poss ib l e  RPDP Follow-on Missions 

With minor refurbishment  and the  a d d i t i o n  o r  change of instrumenta- 
t i o n  t h e  RPDP can be used on many d i f f e r e n t  s o r t s  of i n v e s t i g a t i o n s .  Some of 
t h s e  a r e  dep ic t ed  i n  Figure 3. Note t h a t  t h e  RPDP might be combined wi th  the  
t e l e o p e r a t o r  o r  IUS t o  a t t a i n  an o r b i t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  
Orb i t e r .  

Three poss ib l e  follow-on i n v e s t i g a t i o n s  a r e  descr ibed  a s  fol lows:  
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(a) Plasma Flow Investigation and Required - Instrumentation - (N. H. Stone/MSFC) 

The Space Shuttle and its payload are capable of serving as a near-earth 
plasma laboratory which uses the ionospheric plasma as a natural collisionless 
and unbounded working medium. The use of the methods of laboratory plasma 
physics in earth-orbit will provide a great stride forward in experimental 
capabilities: Opening up a new range of parameter space, previously 
unattainable, and alleviating a number of problems inherent in earth-bound 
laboratories. 

As a result a variety of physical processes, some of which are 
qualitatively similar to processes important to solar system plasma physics, 
can be studied over a wide range of scale sizes and plasma conditions. For 
example, supersonic sub-Alfvenic plasma flow can be studied in a col1.isionless 
regime; the range of scale sizes will enable a direct comparison of the 
continuum-MHD and kinetic theories, thereby establishing the range of 
applicability of single fluid NHD models, possibly determined quantitatively 
by the ratio of the body sizes to the ion Larmor Radius (R~/L+); and the 
interaction of the satellite, 10, with the Jovian mangetosphere can be 
qualitatively simulated in order to study the nature of the plasma sheath in 
the presence of a substantial voltage drop, the possibility of an associated 
charged particle acceleration mechanism, and the resulting field aligned 
circuit system--all of which are thought to be characteristic of the 10 
interaction. Such an extrapolation from experiments conducted in the 
ionosphere to the plasma physics of the solar system is analogous to the 
extrapolation from heliospheric plasma processes to astrophysical phenomena 
advocated by the Space Science Board. 

This application of the Shuttle as a near-earth plasma laboratory will be . . .. I .- . 
L:L~: b u L j e ~ L  ul a p ~ u p u - a ;  L V  - u ; t u i i c e G  ILCAL 1rf-1. IJJ I r .  I&. ~ L O L I G ,  u. UOUIL, 

and others. It should be emphasized here that the - PDP will be a necessary 
component of these studies. 

To conduct these experiments, it will be necessary to have a test body to 
generate the plasma disturbance and a set of diagnostic instruments to measure 
the characteristics of the disturbed plasma flow. Control of the relative 
position of the instrument package with respect to the test body is required 
to effect a mapping of the flow field. It is also desirable to simultaneously 
monitor certain characteristics fo the ambient atmostphere. 

The required diagnostic instrumentation can be carried on the PDP. This - 
would include instruments to measure the ion and electron temperatures and 
densities, the ion drift velocity (magnitude and direction), the ion mass, and 
the local space potential. The space potential should be measured with 
sufficient temporal resolution to detect oscillations in the range of the ion 
plasma and ion cyclotron frequencies. With the exception of the vector flow 
velocity, all of these measurements can be made by standard plasma 
diagnostic instruments. The vector velocity measurements can be made with the 
Differential Ion Flux Probe (DIFP) which has recently been developed at MSFC 
and will fly as part of the Spacelab 2 PDP experiment. It may be decided that - 
this instrument should be included on the RPDP proposed here. 

A small (one-meter diameter) spherical conducting body mounted on the 
Shuttle RMS is being proposed by P. M. Banks, et al. This body would be 
available for these experiments and would provide the lower-end of the range 
of scale size needed for the comparison of the continuum and kinetic theories 
( i e  R~/L+<~). In addition, Ranks' proposal will include diagnostics which 
can measure ion and electron densities and temperatures out to two meters from 
the body surface. This would combine ideally with the - PDI' instrumentation 



which would be used to measure the disturbed flow field at larger distances 
(out to -100 m) while the insturmentation from the Ranksv experiment would be 
used to monitor the ambient conditions. A mapping of the flow field would be 
effected by a combination of varying the stand-off distance fo the free-flying 
PDP, downstream from the test body, by maneuvering the Shuttle and 
manipulation of the test body position normal to the flow direction with the 
RMS . 

In later expeiments, bodies with diameters of -10 m (~~/L-bl) and -100 m 
(Ro/L+>>l) would be used to complete the desired range of scale sizes. The 
10 m diameter body can be manipulated by the RMS in conjunction with a 
free-flying PDP as described above for the 1 m body. However, the 100 m body - 
will require a tether system and some capability to manuever the PDP-- - 
possibly with the MSFC teleoperator. 

In summary, the PDP is a necessary component for experimental - 
investigations of plasma flow interactions with obstacles in earth-orbit which 
are applicable to space plasma physics, and in particular to solar system 
plasma physics. The - PDP can be used directly in initial small-body studies, 
and possibly with some modification to allow manueverability in later 
large-body studies. A reusable PDP is particularly cost effective in this - 
class of experiments, since the complete investigation will involve an 
evolutionary series of experiments carried out over a number of different 
Shuttle missions. 

(b) Neutral Atmosphere Wind, Composition and Temperature (W. R. Hoegy and 
N. W. Spencer/GSFC) 

In the recent past, measurement of neutral gravity wave properties have 
pro*?iliec! c c l y  a few o F  the Yarametets necessary to .Icterm_ine the ~ V S  
characteristics. Some of the neutral wave parameters have been indirectly 
inferred from the observations of traveling ionospheric disturbances (TIDfs). 
A unique specification of the neutral waves (period, wavelengths and direction 
of propagation) is possible only with simultaneous in situ measurements of -- 
neutral wind, temperature, and composition data (Hocgy et al., 1978). A 
spectral analysis of the data gives wave amplitudes and phases for one 
component of the wind, temperature and composition. Linear gravity wave 
theor is ued to convert the amplitudes and phases into the wave parameters w 
and 3 which are needed to compute the velocity of wave energy propagation 
and eventually the wave source. Flights of an instrument which provides wind, 
temperature, and composition data are needed for a complete and accurate 
determination of gravity wave characteristics, and for comparison with 
simultaneous TID observations. 

Instruments meeting these requirements will be employed on the Dynamics 
Explorer B and San Marco Dl spacecraft. Three components of the winds 
(vertical, orbit plane normal, and horizontal in-plane) will be ueasured in - 
situ on these spacecraft ustng an advanced design based on first saneration - 
instruments providing similar data on AE. In siru kinetic tempcr:ituse (N2 and -- 
0) as well as composition are time sequenced measurements. The texperature 
measurement technique involves determination of the velocity distribution 
among the particles of a particular gas, usually N2, from which the kinetic 
temperature is calculated. The wind velocity components are determined 
through the use of a baffle which modulates the stream of gas entering the 
mass spectrometer allowing determination of the angle of entry with respect 
to the spacecraft velocity vector. The vertical and orbit normal components 
are measured in this way, but the in-plane component is determined in an "rpa" 



manner by decelerating the ionized component of the incoming gas stream and 
computing the resulting velocity effect . Co;nposirion is determined using the 
instrument in the usual mass spectrometer mode. 

References : 
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atmosphere waves determined from Atmosphere Explorer measurements, NASA TM 
U79670, November 1978. 

Spencer et al., Geophys. Res. Ltrs., Vol. 3, # 6 ,  1976. 

Spencer et al., The midnight neutral (N2) temperature maximum, (in prepara- 
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(c) The Cornell DELTA N Experiment (11. Kelley/Cornell) 

The Cornell University DELTA N experiment is designed to detect the 
fluctuating density component of electrostatic waves generated both naturally 
in the near space region of the Earth and artifically by active experiments 
conducted from the Space Shutttle. The detector is sensitive to waves with 
frequencies from dc to 10 kHz which corresponds to wavelengths from zero order 
background scale lengths to a few Debye lengths. Such waves are very 
important in a low temperature plasma such as the ionosphere and low altitude 
magnetosphere since their phase velocities are comparable to either the 
thermal velocity of the constituenss or to the drift velocity of species due 
to 3 ~ ~ 1 1 2 6  forccs such as  electric fields, pressure gradients and 
gravitational fields. Their role is equally important in active experlments 
since they can be directly produced by beams, antennas, and chemical releases 
or be generated in a multi-step process by instabilities or parametric decay 
of large amplitude electromagnetic or electrostatic waves. In addition to the 
direct production of electrostatic waves in active experiments, there are 
important processes in the background plasma which can feed back on the 
primary beam or wave. An example is the self-focusing effect on 
electromagnetic waves near the electron plasma frequency observed in the 
ground based HF heating experiments. This is caused by plasma heating which 
reduces the density locally and which in turn causes a focusing effect on the 
waves and creates more heating. The DELTA N experiment is ideally suited for 
detection of such induced structures with wave number perpendicular to the 
magnetic field. Effects of naturally occurring plasma gradients and 
irregularities will also be measurable with the detector. 

The sensor is a cylinder 15 cm long and 1 cm in diameter deployed 
parallel to the spin axis on a rigid BeCu boom a distance of 3 m. The 
collecting surface is coated with a colloidal suspension of carbon with 
excellent surface properties. Guard rings 1 cm in length are 1oc:ii:ed at each 
end of the active surface. A 15 cm lcng cylindrical section of the boom 
located .5 cm from the sensor is free of the ir~sulating surface and acts as a 
floating reference potential for the sensor bias. The high data rate channel 
has automatic gain control to maintain a good signal to noise ratio and is 
proportional to the relative fluctuations in plasma density, 6n/n, independent 
of n. This covers the frequency range 1-10,000 Hz. A dc coupled output, 
proportional to the log of the plasma density, covers the range from 0-50 Hz. 
The latter yields an accurate relative density measurement in fluctuations due 



to long wavelength irregularities or waves and absolute density with an 
accuracy of 50%. 

The basic electronics weighs 2 kg, package occupies a volume of 1500 cm3 
and consumes 2.6 watts of electrical power at 28 volts. The boom system is 
deployed with a typical pyrotechnic firing pulse of short duration. The 
stowed outline dimensions of the boom system are a 10 cm diameter cylindrical 
volume 50 cm in length with long axis parallel to the spin axis. It could be 
mounted on the outside of the spacecraft. If other than real time wave daca 
is necessary or desirable a spectrum analyzer can be provided with an increase 
in power of 2 watts and 1 kg in weight. 

C e  RPDP INSTRUMENT DESCRIPTIONS 

A core set of instruments essential to the particle beam and wave 
injection investigations are to be defined. These instruments are identified 
and briefly described along with a detailed specification of the measured 
parameters in Table 2 "Performance Characteristics for RPDP Core Instruments." 
The heritage and operating principles of each of these instruments are as 
follows : 

1. Correlating Step Frequency Receiver (Gurnett, Shaw, Anderson/Iowa) 

For ISEE-1 a four band step frequency receiver was developed. For 
the Dynamics ~xplorer-A (DE-A) mission, two of these receivers are being 
combined with correlating detectors to produce a step frequency correlator 
covering the range of 100 Hz to 400 kHz. 

For the RPDP it is desired to add two bands of 400 kHz to 3.2 MHz and 
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(110 I f i z )  and harmonics in the upper io~iosphere. This development is to make 
the receivers step faster and to extend the dynamic range of each band as 
well. Also this receiver is to utilize a microprocessor for control of the 
receiver parameters such as bandwidth, swcep rate, sweep range and antenna 
selection. 

In the present scheme, a master 4 MHz oscillator is divided down to 
provide the intermediate mixing frequency. The divide-by circuit is 
controlled by a ROM. Within each band an 8:l frequency range is covered. A 
second mixing frequency of 1 MHz is common to all the receivers. These 
conversion processes are single sideband so that the phase information is 
preserved and the two receivers for the same band are phase-locked. The 
output for each band is fed to a log compressor to give amplitude information 
over (110 dB range and then to a quandrature phase shift network to produce 
in-phase and quadrature phase components. These components from each band 
receiver are correlated to produce sine and cosine correlation coefficients 
from which the relative phase and correlation between signals from two 
different antennas can be obtained at 192 frequencies from 100 Hz to 25 Mlz. 

Correlation between the two magnetic antennas can provide the wave 
normal vector; between two electric antennas the wave polarization and the 
phase velocity of electrostatic waves; and between electric and magnetic 
antennas the Poynting vector and the discrimination between electromagnetic 
and electrostatic waves. Also, the correlation between a single antenna and a 
reference signal uplinked from the Orbiter can be used for doppler sounding. 
Measurement of these wave characteristics are necessary to carry out the wave 
injection investigation and to assess waves generated by beam-plasma 
interactions. Sample ISEE results are shown in Figure 4A.  



b TABLE 2. PERFORMANCE CHARACTERISTICS FOR RPDP CORE INSTRUImS 

1 INSTRUENT: MEASURL,W*?T I PARAMETER: SPECIFICATION I 
Step Fr.!,.u?nc7r Ccrrcl:itor: - r'rcnuency Range. . . . 6 bands: 100-780 I!z, 780-625'1 Hz, 

Measures azpl i tuae  w.u phase 6.25-50 EIz ,  50-1400 kJz, C. i-3.2 
between s igna l s  frcm any two MHz, 3.2-25.6 MHZ . . . . .  sensors; sensors include 4 Frequency Step 32 frequencies/band; l o g  spaced 
e l e c t r i c  rnonipoles combined Frequency Resolution . . -1% . . . .  e lec t ron icd l ly  t o  give t r i a x i a l  Time Resolution. 4 spectra/second 
d ipo le s  and crossed magnetic Dpan ic  Range . . l l 0  dB 
loops t o  provide 3 magnetic Amplitude Resolution . . 0.5 dB . . . . . . . . . .  components i n  1/4 spin period. E-range 10" t o  3 x lo'3 Vm'l H Z - ~ ~  

B-range. e . . . . . . .  loa t o  3y H Z - ~ ~  

Phase- . . . . . . . .  .O-$0°f5"  . . . . . .  Corre la t ion .  5.0, t5$ 

. . . . . .  Quadrispherical LEPEDZA: Measures Energy Range 2 eV-50 keV i n  48 s t eps  . . . . .  d i s t r i b u t i o n  f ~ q c ~ i o n  f o r  F ie ld  of  View. 6" x 162' . . .  supra-thermal. e lec t rons  and ions hgular Resolution 7 de tec tors :  9-18', 18-39', 39-71", 
71-log", 109-141 ", 141-162", 
16 2-171 " 

Ehergy Resolution. . . .  34% 
Geometric Fac tors .  . . .  lo3 cn?-sr electrons,  4 x l o4  

cma-sr prot.  . . . .  Time Resolution. 1 sec  f o r  e n e r ~ j - a n g l e  scan 
1 sp in  period f o r  d i s t r i b u t i o n  

funct ion  

Ion  Mass S~ect rometer :  Measures Density Range. . . . . .  1 t o  1@ ions  ~ r n - ~  
i o n  corn~os i t ion  o l  ambient Mass Range . . . . . . .  1-64 AblU i n  3 channels . . . .  plasma Time ~ e s o l u t i o n .  0.2 sec/channel 

. . . .  Tricurial M a g e t c ~ e t e r  ( ~ l w c q a t e ) :  Frequency range. DC t o  5 Hz each ax i s  . . . . . . . . .  Measures vecr;or coniponents of Range. M.6 gauss each axis . . . . .  geom-etic f i e l d  z ~ d  per+.llrha- , fi!:?nnlic Range. 1 5  b i t s  = f 2y resolu t ion  - -- - - -  . . , ' .  ., A,-- I . . . .  t i o n s  t o  t he  S l e l a  caucea DY n s p e c ~  uluw~rugc -U.A - svvt uued~uur -.--,--L.- , 
l oca l i zed  current  systems vec tor  

DC Elec t r i c  ~ i e l d / ~ m n u i r  Probe: E lec t r i c  F ie ld  Range . . 1 mV/m t o  1 V/m 
Measures vector  components of Tine Resolution. . . . .  16 sarnples/second each ax i s  . . . . . . . . .  e l e c t r i c  f i e l d s  i n  plasma asso- Density. ld-10'  e lec t rons  cm3 
c i a t e d  with loca l ized  space Temperature Range. . . .  500-10,00O0K f o r  e lec t rons  . . .  

I 
charge regions o r  plasma con- S a p l e  Resolution. 1 0  probe sweeps/second 
vection. Also sweeps sensors 
t o  determine charclcter is t ics  
of thermal e l e c t r m  plasma. 

Spin-Scan Iazging Syrten: 
Measures 1Fght i n t ens i ty  a s  a 
firnction ~ f - . ~ o s i t i o n  fo; a 
se lec ted  wavelength rmge  i n  t h  
W o r  v i s i b l e  (but  not both) t o  
produce an inage of the  emi t t in  
region. 

Recoverable P l a z ~ a  Dia.mortics 
Package (R~DT !  : H o u ~ s  scien- 

t i f i c  instruments and sub- 
systems on RMS and a s  subsat- 

. . . . . . .  Pixel  Size Of25 x 0y25 
Collimator F ie ld  of View 36" x 3" . . . . . . .  Frame Size 36" x 360" 
Vis ib le  System Sensi-. . -1.5 counts k ~ - p i x e l ) "  39141 

t i v i t y  ( a t  20 RP14) (&+I, 5577 k (OI), 6300A (01) 
Ultra-Violet System* . . -1.0 counts ( k ~ - p i x e l ) "  

S e n s i t i v i t y  ( a t  20 WO-12408, (Ha, 12164) 
m) 1240-1370A (01, 1 3 0 4 ~  and 1 3 5 5 i )  

*option 1370-170053 (PI2, LBH Band) 

Size . . . . . . . . . .  107 crn d i a  x 66 cm high 
Weight . . . . . . . . .  250 kg 
Energy . . . . . . . . .  9 KWH from b a t t e r i e s  . . . . .  Operating L i f e  100-200 hours a t  90-45 watts  . .  Telemetry Ilp & Down. 400-1402 MHz UIiF band, -1 watt . . . .  Telemetry Range. 100-200 km . . . . . . . .  Commands 32 f o r  SIC functions & d a t a  mode 
Data System. . . . . . .  RCA 1c02 pP based . . . . . . . .  Antennas 4 of  1 5  rn-tubular type/retractable . . . . . . . . .  Dooms. 2 of 3m-telescoping/re t r ac t ab le  . . . . . . . . .  Aspect Star sensor, cun sensor, t r i u i a l  

rnwnetomcter f o r  20.1' accurncv . . . . . . .  ( I D  Strobe. 1 OF 2 @ 40 f lashes  



2. Quadrispherical LEPEDEA (Frank and Ackerson/Iowa) 

The quadrispherical low energy proton and electron differential 
energy analyzer (LEPEDEA) is being flown on ISEE-1 and 2. Another unit is 
being prepared for the OSS-11Spacelab 2 PDP. Three quadrispherical, concentric 
plates with radii of curvature 10.8 cm, 11.2 cm, and 11.7 cm form two 90° 
electrostatic analyzers for proton (positive ion) and electron spectra, 
separately and simultaneously. The two outer plates are tied to 
circuit ground and the center plate is supplied with a variable positive 
potential which ranges from 0.15 V to 3500 V. This geometry of the 
electostatic analyzers was chosen primarily because of its versatility and 
mechanical simplicity. Thus, only one curved plate with high voltage is 
required for two electrostatic analyzers, large energy bandwidths and 
geometric factors, and ability to provide angular distributions of particle 
intensities within a fan-shaped solid angle of view, 16Z0 x 6O, via the 
introduction of multiple detectors. Within this field of view two sets of 
seven detectors are placed to obtain fluxes simultaneously at seven angles 
with respect to the satellite spin vector. 

A new development is to add microprocessor control to this instrument 
based on the controller being designed for Galileo. Especially for the RPDP 
usage this controller would give the flexibility to change sweep rates, energy 
steps and energy ranges. Also it will be possible to sync the sweep to an 
external pulse such as a particle beam firing pulse. As an example, the 
quadrispherical LEPEDEA can be operated in a single comprehensive mode for 
which the plate voltage is an exponentially decreasing ramp from 3500V to 
0.15V. The repetition rate of this ramped voltage is once per second. Thus 
the differential, directional intensities of protons and electrons are sampled 
n ~ m r  tlra nnprov rnnoP : f l . G G S  PV i .11 7 eV nnrp +arb s ~ r n n t : -  Z I ~  I - P S ~ A ~ ~ I - ~ S  a>r - - 
ezch 02 the fourteeil electron multipliers are snrnplcd with a 13-bit to 8-51: 
digital compressor and fed into the spacecraft telemetry stream. These 
compressors are sampled 48 times per second and hcncc 48-passband spectra of 
electron and proton intensities, each in seven directions, are acquired each 
second. For a spacecraft spin rate of 5 RPM there are 12 such scans of the 
spectra per spacecraft revolution. Complete vclocity distributions of protons 
and electrons are gained once each 12 seconds and each comprise 4032 
individual intensity samples. The inherent energy resolution of the analyzer 
A E I E  = 0.17, and the geometrical factors, 1.0 x 10'~ cm2-sr for protons and 
4.0 x lo4 em2-sr for electrons, are considered generously adequate for 
measurements of low-altitude plasmas on the basis of previous appli.cations of 
LEPEDEA instruments on the Injun-5 and Ariel-4 missions. The geometric 
factors can be adjusted to detect monoenergetic, directional beams of (1 
arnp(rn)-;! from an ion or electron gun by adding a collimator with a pinhole at 
the entrance aperture of an electron multiplier. Sample ISEE results are 
shown in Figure 4B. 

3. Ion Mass Spectrometer (Hoffman/UTD) 

As one of the core instruments on the RPDP, an ion mass spectrometer, 
similar to that to be flown on the Dynamics Explorer-A spacecraft, will be 
used to determine the composition and density of the plasma in the vicinity of 
the spacecraft. 
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The p r i n c i p a l  p a r t s  of each sensor  a r e  t h e  en t rance  a p e r t u r e  
contatnir ig  the. Lou t r a p ,  rnagnetic ana lyze r ,  and  t!lc.ctron l;!:r!.:i.l)lLcr~;. The 
en t r ance  a p e r t u r e  is  preceded by a  3-inch d iameter  screen f l u s h  mounted wi th  
t he  s p a c e c r a f t  s k i n  looking ou t  i n  i t s  e q u a t o r i a l  plane. Arobient i o n s  
e n t e r i n g  t h e  a p e r t u r e  due t o  t h e  ram v e l o c i t y  of t he  s a t e l l i t e  a r e  c o l l e c t e d  
i n  p a r t  on t h e  i o n  t r a p  c o l l e c t o r  which has  a small. ho l e  i n  i t s  cen t e r .  This 
c o l l e c t o r  c u r r e n t  i s  p r o p o r t i o n a l  t o  t h e  t o t a l  i on  d e n s i t y .  Those i o n s  
pass ing  through t h e  ho l e  a r e  pos t  a c c e l e r a t e d ,  co l l ima ted  and passed through a 
magnetic ana lyzer .  Three allowed t r a j e c t o r i e s  l e a d  t o  3 c o l l e c t o r  s l i t s  which 
s imul taneous ly  c o l l e c t  i o n s  i n  t h e  mass r a t i o  1 : 7 : 1 4 .  Signa l  d e t e c t i o n  i s  by 
e l e c t r o n  m u l t i p l i e r s  and lop, e l ec t rome te r  a m p l i f i e r s .  A u s e f u l  dynamic range 
of over  7 decades r e s u l t s  from a  comnandablc m u l t i p l i e r  g a i n  range of lo3 and 
a  5 decade l o g  a m p l i f i e r .  The i o n  pos t  a c c e l e r a t i o n  v o l t a g e  may be d iv ided  
i n t o  3 segments which may be r epea t ed ly  scanned s e p a r a t e l y  o r  i n  any 
combination. The t a b l e  below g ives  t h e  i o n  s p e c i e s  measured by each c o l l e c t o r  
channel  du r ing  each  segment of t he  scan. Any s i n g l e  range i s  scanned i n  200 
ms . 

CHANNEL RANGE 1 RANGE 2 RANGE 3 

Comparison between t h e  i o n  t r a p  c o l l e c t o r  s i g n a l ,  which is  a  measure 
of t o t a l  i o n  d e n s i t y ,  and t h e  summation of a l l  mass spec t rometer  ou tpu t  
c u r r e n t  p rovides  an i n - f l i g h t  c a l i b r a t i o n  of t h e  mass spectrometer .  I f  t h i s  
i s  done under v a r i o u s  cond i t i ons  of i onosphe r i c  composi t ion,  c a l i b r a t i o n s  a r e  
ob t a ined  f o r  t h e  s e v e A ~ i l  major ionospher ic  c o n s t i t u e n t s .  This technique has  
been used s u c c e s s f u l l y  between the RPA and  IMS on t h e  Atmospheric Explorer  
s a t e l l i t e s ,  between t h e  t ops ide  sounder and IMS on the  ISTS-I1 s a t e l l i t e ,  and 
w i l l  be used f o r  t h e  RIMS on Dynamics Explorer-A, which i s  an RI'A and IMS i n  
tandem, s i m i l a r  t o  t h a t  proposed f o r  RYDP. Overa l l  accuracy i s  expected t o  be 
approximately 10% f o r  t h e  major i o n  spec i e s .  

4.  T r i a x i a l  Fluxgate  Magnetometer - (Sugiura/GSFC) 

The f l u x g a t e  s enso r  planned f o r  RPDP i s  a modif1cat:ion of t h e  
ins t rument  being flown on Dynamics Explorer  (DE). The Dynamics Explorer  
ins t rument  i s  a hybrid c o n s i s t i n g  of a f o u r  b i t  d i g i t a l l y  c o ~ l t r o l l e d  c u r r e n t  
source  and twelve b i t  i n t e r n d l  ana log- to-d ig i ta l  conve r t e r  ope ra t i ng  on a  
} 6000 gamma ( 1 gamma = 1 nT) ana log  s i g n a l .  The i n s  trunlcnt planned f o r  RPDP 
w i l l  i n c o r p o r a t e  t h e  same sensor  des ign  wi th  tlie range modified t o  produce a  
}64000 gamma ana log  s i g n a l  f e d  i n t o  a 14 b i t  A-1) conve r t e r  t o  g ive  a  
r e s o l u t i o n  of } 2 gamma. 

E r r o r s  i nc lude  the  no i se  l e v e l  of t h e  instrunlent  of app rox i~na t e ly  0.1 
gamma peak t o  peak, t h e  temperature  c o c f f i c i c n t  of s e n s i t t v i t y  which is l c s s  
than  10 ppm/"C, and t h e  temperature  s t a b i l - i t y  of t h e  s enso r  magnetic a x i s ,  
which is  l c s s  than 3 a r c  scconds/"C. The l a t t e r  two sou rces  conver t  t o  



maximum error sources of .64 gamma/'C and .93 gamma/'C respectively. They are 
controllable by ground calibration and/or inflight thermal control, and in the 
case of the sensitivity, by inflight calibration. As is almost always the 
case with magnetometers, the ultimate accuracy of measurement will be 
determined by the degree to which spacecraft fields can be eliminated at the 
sensor, and by the accuracy of attitude determination provided. 

5 .  DC Electric Field/Langmuir Probe (Block and FalthammarIKTH, GurnettIIowa) 

The electric field instrument developed by the Swedish Royal 
Institute of Technology (KTH) has been flown on numerous sounding rocket and 
balloon missions. This unit combines voltages from the four monopole antenna 
elements with summing and difference amplifiers to produce vector components 
of the electric field from dc up to 1 kHz. At the end of each antenna element 
is a 7 cm diameter specially coated spherical probe to minimize the effect of 
photoemission. This unit is microprocessor controlled so that it is adaptive 
in case an antenna element fails to open and programmable so that periodically 
the sensors can be swept with a voltage ramp to produce the Langmuir probe I 
vs. V characteristics. From this sweep the electron density and temperature 
can be obtained. This sweep can be initiated up to 10 times/second if 
desired. 

The final design and the fabrication of flight hardware is to be 
carried out at Iowa based on the KTH design. 

6. Spin-Scan Imaging System (Frank and CravenlIowa) 

Two spin-scan ima~ing systems are being de~r~?lop~d for rhe Dynamics 
Expiorer-A Mission. One ok these systems responds in the visible wavelength 
range at 391.4, 557.7, and 630.0 nm due to the selected interference filters 
and the other responds in the vacuum ultraviolet region at 117-124, 124-137, 
and 137-170 nm. It is proposed to fabricate only one of these imagers at this 
time. The one selected will depend on the specific mission objectives to be 
accomplished. 

Both imaging systems have a similar scheme. Light enters through a 
collimator which defines the field of view to 36' x 3' and reflects off a 
mirror which is positioned in angle by a stepping motor. Light from the 
stepped mirror is focused by a parabolic mirror onto a pinhole aperture. This 
(4mm diameter light beam passes through a selected interference filter in a 
filter wheel and is incident on the photocathode of a photomultiplier tube. 
The PM tube output gives the light intensity. As the RPDP spins, the imager 
scans a 360' circle producing a line of 1440 pixels. After each scan the 
stepping mirror changes angle to produce an image field of 144 lines. At a 
spin rate of 20 RPM it takes 7.2 minutes to form a complete Image of 360' x 
36'. Scans of smaller fields of view can be obtained in less time by command 
or by programmed sequence. 

7. Additional Instruments for WISP 

The RPDP is to be designed so that several additional instruments can 
be accommodated. For SEPAC, Magnetospheric Multiprobes, CRM, and Tether it 



may be that the investigations will provide instruments for RPDP. For VISP 
there have been two sets of instruments selected for acco~nniodation on RPDP: 

+ WISP Plasma Analysis Package (D. L. Reasoner/MSFC). The knowledge of 
the background plasma composition and density is required to estimate 
critical parameters in plasma dispersion relations such as ion plasma 
frequencies and acoustic speeds. In situ plasma measurements will -- 
augment sounder observations of F-region plasma bubbles. The RPDP will 
carry an ion mass spectrometer, a retarding potential analyzer, and a 
Langmuir probe, all similar to instruments developed for flight on the 
DOD SCATHA and on s.atellites or rockets by MSFC. The ion mass 
spectrometer is a magnetic focussing analyzer which will be able to 
measure the densities of Kt, He+, 0$, the N ~ + ,  NO+, oZf heavy ion group, 
and the heavier ions up to mass 56 (~e'). The retarding potential 
analyzer and Langmuir probe feature high frequency responses ( (  1 kHz), 
important for analyzing transient perturbations caused by wave plasma 
interactions. 

+ WISP HF Sounder (W. W e  L. Taylor/TR\J). The HF Sounder subsystem is an 
active, remote radio frequency sensor of considerable flexibility 
capable of coherent detection and range and Doppler measurements. It 
will be used to determine ionization structures and motions of TID's. 
It measures the time delay between transmitted and received pulses and 
the phase, amplitude and Doppler shift of the received signals. The 
structure and location of irregularities will be measured, both along 
the orbit and remote from Spacelab. 

The HF Sounder Subsystem will operate in a number of preprogramrned 
zcJ,;z, 2 - - 1  2 4 - -  - e m - 4 -  a -  - -----I- - - - - - * > A -  G - -  -- b..--l * 7 2 - - - . L C .  -- - ---- -- -  -',--'- c...--- - - -  ------I- 
phenomena of interest which will recognize the local piasma frequency 
and the condition of the ionosphere (quiescent or disturbed). 
Subsequent HF Sounder activity will follow to investigate some feature 
in greater detail by means of another mode of operation, which will 
usually provide information of interest in a more magnified form. Other 
modes may change the frequency range of operation, pulse width, pulse 
repetition frequency and/or the power radiated. Modes may determine 
Doppler shifts or operate at a single frequency for monitoring the 
strength and variation of the received signals. Several types of data 
presentations are possible, including displays of propagation time vs. 
frequency, Doppler vs. time for selected frequencies, Doppler vs. range 
at selected frequencies, and range vs. time at selected frequencies. 



RPDP QUESTIONS RELATED TO JOINT OPERATIONS 

Other RequiredIDesired Instruments 

Maximum Range of Operation 

Maximum Spatial/Temporal Resolution (Data Rate) 

Absolute KPDP Attitude Information 

Real Time 
Post Mission 

Absolute RPDP Pofiition Information 

F!ith Respect to Orbiter 
With Respect to Earth/Magnetic Field 
Performance of Ku-Band Radar 
Availability of Global Positioning Syetem 
Real Time 
Post Mission 

Operation On-Orbit Between STS Plfghts 

Multiple Joint Operations on One Mi~sFon 

Total Energy 
Conflicting Requirements 





SECTION X I  I I ,  C!iEMICAL RELEASE MODULE (CRM) 





CHEMICAL RELEASE MODULE FACILITY 

Presentation To 

ACTIVE EXPERIMENTS WORKING GROUP 

September 23, 1980 

David L. Reasoner 
ESS3 

Marshall Space Flight Center 





BAS D 

CRMF-1 CONFIGURATION 

SPEE DEPLOYMENT COMPATIBILITY 

SSUS-D COMPATIBILITY 

94c1n-DIA PKM COMPATIBILITY 

SSUS-A COMPATIBILITY 

Figure 2 CRMS' Launch Arrangements 



! FLIGHT CENTER i NAMP~ 

M I  LESTONE DATES 

YSFC - Form 3W [Rw Cklalw 19n) 

. . .  
' 8 

NOVEMBER, 1979 

MAY, 1960 

JULY, 1960 

CRM FACILITY ASSIGNED TO MSFC FOR PHASE C/D 

RFP ISSUED FOR DESIGN AND FABRICATION OF CRM 

ENVI RONKKTAL ASSESSMENT OF CRM COMPLETED 

CRM DES I GN ,DEVELOPMENT, AND FABRICATION CONTRACT 

AWARDED TO BALL AEROSPACE SYSTEMS DIVISION, BOULDER, CO ,.- 

OCTOBER, 1980 RELEASE OF ANNOUNCEMENT OF OPPORTUNITY 

FILE NO. 
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SECTION X I V .  TETHER FACILITY 





TETHER FACILITY PRESENTATION 

Pete r  Banks 

BASIC MECHANICAL PRINCIPLES 

If t e t h e r  i s  a c t i n g  t o  c o n s t r a i n  t h e  s a t e l l i t e ,  then 

- 
' shu t t l e  

- 
"ate1 1  i t e  

and 

NOTE: There a r e  2 s t a b l e  p o i n t s  o f  e q u i l i b r i u m .  

r = 6670 km (300 km a l t i t u d e )  

ms = 500 kg , 

then 

T  % - 200 N (Q 91 I b s  f o r c e )  . 



NAVES 

I f  T Q, 200 N 

P k  % 5 x 1 0 4  kg/m , 

then va % 200 m/sec . 



-- SOUNDING ROCRf t 

-- 
LOW ALTlTL:I)E 
SATELLITE 

PAYLOAD OPERATIONS AND COMMAND CONTROL 
- - 



TETHERED SATELLITE SYSTEM 

FRDT STUDY 

I 
; HISTORY 

- I N I T I A L  IDEA OF TSS PRESENTED BY M. GROSS1 AND G .  COLOMBO 

(SMITHSONI AN ASTROPHYSICAL OBSERVATORY) TO MSFC (1 973, 1974). 

- AMPS STUDY PRESENTATIONS AT MSFC AND GSFC (1974-1976). 
i 

- MSFC STUD1 ES (1975-PRESENT). 

- SAO STUDIES (1 974-PRESENT). 

- UTAH STATE UNIVERSITY, ELECTRODYNAMIC TETHER SYSTEM STUDIES 

(1976-PRESENT). 
I 

1 - ADVANCED SYSTEM DEFINITION STUDIES BY BALL AEROSPACE AND 

MARTIN-?!ARIETTA (1 979-PRESENT) . 
i 
I 

- F2DT ESTABLISItED APRIL, 1973. 1 EAM MEETINGS HELD I N  MAY, 9ULY AND 
, 
I OCTOBER, 1979. 
I - FRDT FINAL REPORT COWPLEVED IN MAY, 1980 



- DIRECTION OF ORBITER 

I 
30 km START/ 

DEPLO 

7 " 

. . 

-i 
10 hm LEWTH 
AT 4.- 

I 

k RETRIEVAL COMPLETE 

I 
I '  

-30km 

AT 31.4h TERMINAL VE LOClfV 0.012 tp/s 

\ INITIATE RETRIEVAL AT 7.6h 



TETHERED SATELLITE SYSTEM 

FUTURE L~SES 

GEOPHYSICS 

THERMOSPHERE ELECTRODYNAMICS 
THERMOSPHERE DYNAMICS 
THEMSPHERE CONPOSITION 
METASTABLE SPECIES DYNAMICS 
DEEP ATMOSPHERE PROBES 

GEOMAGNETIC ANOMALIES 

PLASMAS 

PLASMA SHEATH STUDIES 
PLASMA WAVE GENERATION 
PLASMADY NN4I C STUD1 ES 
VLF WAVE GENERATION 
CHARGE NEUTRALIZATION 

SUPPORT ACTIVITIES 

TETHERED CHEMICAL RELEASES 
TETHERED ELECTRON/ION* ACCELERATOR 
SUPPORTING MEASUREMENTS PLATFORM 



LL~cTRON FLUX 

ELECTRODYNAMIC 

MITTED ELECTRONS 



PRECIP

PARTICLES

256



ELECTRQN

WAVES

IONOSPHERE

2S7'



FRDT RECOEMENDAT I ONS 

7 SCIENTIFIC USE OF THE TSS SHOULD BE GOVERNED BY COI4PETITlVE 
PEER GROUP SELECTION. - 

-r THE TSS FACILITY SHOULD BE DESIGNED TO ACCOIWDATE A BROAD ' 

RANGE OF P07ENTIAt USERS. 

THC TSS FACILITY SHOULD PROVIDE FOR INTERACTIVE EXPERIt4ENTS 
INVOLVING ORBITER AND GROUND SCIENTIFIC PERSONNEL, 

- ACCOMMODATIONS SHOULD BE MADE TO PERMIT PALLET-BASED EX- 
PERIMENTS TO OPERATE I N  CONJUNCTION WITH TSS EXPERIMENTS. 

7 SCIENT IF IC  PLANNING FOR THE TSS WILL BENEFIT FROlY A , T S S  

SCIENCE WORKING GROUP. 

A TSS SUPPPORT GROUP TO AID SCIENTIF IC INVESTIGATORS SHOULD 

BE ESTABLXSHED AT A NASA CENTER. 

. TWO RE-USABLE, MULTIPLE INSTRUMENT PLATFORMS SHOULD BE 

DEVELOPED FOR ELECTRODYNAMIC TETHER AND GEOPHYSICAL OBSERVATIONS, 
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The information i n  t h i s  r e p o r t  has  been reviewed f o r  t e c h n i c a l  
conten t .  Review o f  any information concerning Department o f  Defense o r  
nuc lear  energy a c t i v i t i e s  o r  programs has been made by t h e  MSFC S e c u r i t y  
C l a s s i f i c a t i o n  Of f i ce r .  This  r e p o r t ,  i n  i t s  e n t i r e t y ,  has  been d e t e r -  
mined t o  be unc la s s i f i ed .  

&Q&@ 
CHARLES R. C APPELL 
Chief,  S o l a r - T e r r e s t r i a l  Physics Divis ion 

A/+ 
CHARLES A. LUNDQUIST 

/ Direc tor ,  Space Sciences Laboratory 

259 

*U.S. GOVERNMENT PRINTING OFFICE 1980-740-8661224 REGION NO. 4 








	Untitled



